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Dear h:r D Baum., 
1 am forw-arding herewith, on behalf of the Technical Advisory 
Committee of the CGIARY a paper entitled "Plant Nutrition in Relation 
to Soil Constraints in the Developing World.". This paper was prepared 
with the guidance of and under terms of reference provided by TAC, by 
Drs. Ped-ro A. Sanchez and John J. Nicholaides III, in response to a 
request by the CGIAR to TAC at its meeting in 1979, when the candidacy 
of the International Fertilizer Development Center came before the Group 
for its consideration. 
The first draft of the paper was considered by the TAC at its 
25th meeting in 1981. The draft was reviewed by TAC, by three independent 
distinguished scientists, and was furnished to the TARCs for comment 
prior to its finalization. 
We hope that this paper will respond satisfactorily to the CGIAR 
request. 
In reviewing the final draft at its 27th meeting, TAC gave its 
endorsement to the approach taken in the report in calling attention to 
the broader concerns regarding plant nutrition research in the context 
of related soil constraints in the various agro-ecological regions, and 
reiterates the high importance of this factor in achieving the needed 
levels of agricultural productivity. The IARCs, and several other 
institutions, international and national, are active in this field. TAG 
supports the continuation of such activities and would be ready to consider 
the needs for accelerated programmes of the IARCs in this field as part 
of its overall consideration of the programme and budget proposals of the 
Centres in the context of this report and in relation to the other 
priorities and demands of the system. TAC supports the cooperation 
which several IARCs have with IFDC and other plant nutrition research 
institutions and encourages continued support to such activities as a 
valuable complement and enhancement of the work of the IARCs in this 
field. 
Mr. Warren C. Baum 
Chairman CGIAR 
1818 H Street, N.W. 
Washington, D.C. 20433 
U.S.A. 
. 
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TAC comiiends the attached report for its comprehensive and its 
careful analysis of priorities. TAC recognized the importarc of the issues 
concerned and recognized the value and need for better csor<dination and 
strengthening of efforts in this field. TAC-has 3<en informed of the 
proposal under study by an independent group for the establishment of an 
International Board for Soil Resource Management (13SR?J$). It welcomes 
the prospect of support iFrOn the AUStralkin DevelojX?ent ASSiStaEC2 
Bureau (ADAB) and perhaps orher agencies for further elaboration and 
development of the IBSRMI proposal, which would have a significanr bearing 
on this topic. TX is convinced that further research in plant nutrition 
will play an important role in agricultural intensification in the less 
favourable environments of the developing world. At the same time, it 
accords higher priority in the CGIAR context, to research in this field 
in the existing IARCs over supFort by the CGIAR for a new and separate 
initiative in the field. 
While TAC does not recommend a new initiative by the CGIAR in this 
field, it commends the report to the CGIAR for careful study and 
consideration, calling attention to the value of .this wide range of 
activities discussed therein which deserve continued support. In addition 
to distribution of the full report within the CGIAR, TAC proposes to 
reproduce the report, probably with the deletion of the portions of the 
last chapter on alternative action recommendations which are addressed 
primarily to the CGIAR, for distribution to a wider public audience. 
Very truly yours, 
Chairman TAC 
AGD/TA@:IAR/82/7 
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I. Sl!f+?ARY 
On May 10, 1980 "'3 e authors were asked by TAC to undertake a study on plant 
nutrition research for consideration by TACJCGIAR. 'The purpose o,f the study is 
to assess the present status and efforts @r-i plant nutrition research as to their 
degree of adequacy arid whetizer additional ef'fari;>: iiT this fjz3(j Sl'ii;Ul~ be Ci)f;,,. 
sidered by the CGIAR system. Considering the several recent worldwide priority 
assessment studies with major inputs frcm developing countries, the authors i-,~ve 
given emphasis to synthesizing the above f,indings in terms of research needs, 
developing a research ~ranework for action, and suggesting three approaches to 
TAC. The highlights of our findings are: 
1. Food prodtiction in deveioping countries will be more heavily dependent 
on improved plant nutrition through added fertilizer inputs over the next 20 
years than during the past two decades. Estimated reserves of the plant nutrients 
in soils, deposits of phosphorus, potassium and sulfur, and feedstocks for pro- 
ducing nitrogen fertilizers are generally adequate to cover expected needs. 
Uneven distribution and development of feedstock nitrogen sources, phosphorus 
and potassium deposits among countries or regions9 as well as rising costs, 
pose significant limitations. 
2. Current estimates indicate that approximately 46% of the N, P and K 
accumulated by the world's crops comes from the release of soil reserves, 40% 
from inorganic fertilizers and a small proportion from organic fertilizers, 
biological nitrogen fixation and atmospheric deposition. As nutrient demands are 
increased by intensified crop production while the amounts of nutrients released 
from soil reserves remain relatively constant or decrease, the need for additional 
nutrients from other sources becomes evident. 
3. Inorganic fertilizers have made a major contribution to food production 
in the developing countries. Approximately 29% of the yield increase of cereals 
in developing countries over the last 30 years has been attributed to the use 
of inorganic fertilizers. Projections indicate that this proportion will in- 
crease as mbst of the additional crop nutritional needs worldwide will be met by 
inorganic fertilizers and biological nitrogen fixation. Increasing the efficiency 
of fertilizer use also will involve careful attention to the use and management 
of organic manures, crop residues and biological nitrogen fixation. 
demand on dung and crop residues for fuel, 
The increasing 
however, is likely to limit their 
availability as plant nutrient sources. 
4. Plant nutrition constraints, in practice, cannot be separated from other 
soil-related constraints. The efficiency of utilization of fertilizers and amend- 
ments, biological nitrogen fixation and other nutritional components is so 
dependent on soil constraints that it is difficult to consider "plant nutrition" 
as an isolated "factor," Examples of such constraints are soil acidity, surface 
soil crusting, moistur, q limitations and erosion hazards. Other related con- 
straints include inadequate soil inventories, insufficient knowledge of fertilizer 
marketing and limited technology transfer processes, Consequently, the authors 
found it necessary to broaden the original terms of reference to include soil- 
related constraints. 
7. Five major agroecoiogical zones, the humfd tropics, jex:li-arid tropics, 
acid savannas, vletlands and the steep?ands were identffied as the regions 
requiring more a ttention. Tkiese zcnes represent the regioris of the developing 
world where soii-plant nutrition constraints are expected to exert greater 
pressures on produc.tion increases, as well as endangering the def?rioration of 
the land resource base. Plant nutri-Lion aspec ts in irrigated farming systems 
were recognized as important,. 
8. The priority research components were arranged along the five agro- 
ecological zones according to several criteria, including research needs, impact 
over short and long terms, relative magnitude of cost, ease of transfer, expected 
payoff and present capabilitjes, A suggested research framework was developed 
as an agroecological zone 5 research component matrix. 
9. The present efforts on major soil-plant nutrition research for developing 
countries were identified and discussed briefly, Although it .was concluded that, 
with certain exceptions, soil-plant nutrition research is not a neglected area, 
many of thes e efforts are not conducted in a sufficiently coordinated manner 
to produce maximum benefits and adequate interchange of information, 
10, The findings were then examined in relation to TAC/CGIAR objectives, 
particularly the 1979 Priorities Paper, it was concluded that the present 
efforts and their geographical distribution are clear1 
a reasonable degree of certainty that technology for a Y 
insufficient to provide 
'deviating soil-plant 
nutrition constraints will be adequately developed and transferred to permit 
continuing increases of sufficient magnitude in food production, An international 
effort is needed in order to overccme this gap, 
11, The authors also consider that the issue of location specificity should 
he brought into focus in terms of soil-plant nutrition research, The suggested 
research framework encompasses the kinds of problems that are generally encoun- 
tered through one or more of the agroecological zones. The degree of expression 
. of these problems is indeed location specific, but the kinds of problems are of 
international relevance. 
12, The authors suggest that TAC initiate actions designed to better coor- 
dinate and strengthen international research on soil-plant nutrition in order 
to: a) Increase the efficiency of plant nutrient inputs; h) increase and stabilize 
food production in marginal areas of the developing countries with emphasis on 
rainfed areas; c) conserve the land resource base, particularly in the priority 
agroecological zones, 
13. The Internat?ona? F&rtilj:zer Cevelopment Center plays a pivotal and 
unique role in developing technology for improved fertilizer utiiization 
efficiencies jn the third world. IFDC's clear mandate, sense of urgency> 
quality of Staff, r&search and tra,ining mix and good rapport with developing 
country institutions is consistent with other IARC's. Continuation of the 
IFDC to complen:ent the plant nutrition research efforts of the IARC's is 
assumed. The IFDC issue is regarded as vital, though separate, from the three 
institutional approach&s presented for TAC's consideration. 
14. Three institutional approaches are presented for TAC CGnSidWatiGn: 
i#l) 
w 
#3) 
Strengthening the soil-plant nutrition research In the existing 
IARC's and establishing a network among those conducting such 
research. Suggestion was made that donors be encouraged to 
strengthen and continue similar ongoing pertinent activities 
of national, bilateral, and other international programs. 
Develop a coordinating and catalytic center to foster soil-plant 
nutrition research, particularly in national and international 
institutes. This implies inclusion of the measures proposed 
in approach #l. Such a center would have a small secretariat 
of highly qualified staff'to perform service and coordination 
functions. 
Create a full-fledged international institute on soil-plant 
nutrition research with emphasis on rainfed systems. 
Given the advantages and limitations of each alternative, the authors 
consider approach #2 as the most appropriate one. 
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A. Impo.rtance of Plant Nutrition to World Food Production 
Plant nutriLion can be defined as the portion of biology that deals with 
the factors affecting the supply and use of the elements essential for plant 
growth and development (Table 1). Within the context of CGIAR objectives, the 
principal concerns center on the nutrition of plant species that directly or 
indirectly provide the basic food sources in developing countries and the con- 
straints affecting the utilization of such nutrients. 
Plant nutrition is one of the key factors affecting world food production. 
The crops that feed present and future popula-tions depend on adequate nutri- 
tion for sustained yields. Nutrients released from the soil, with very few 
exceptions, need to be supplemental with external inputs in most farming sys- 
tems. Nutrient reserves in soils are exhaustible and need to be replenished in 
order to maintain productivity. The different sources of plant nutrients, the 
interactions among them and the efficiencies with which they are utilized are 
major practical concerns. 
Much of the current emphasis focuses on the contribution of inorganic fer- 
tilizers. Nearly 75% of the food production increases in the developing coun- 
tries since 1950 have been.due to increasing yields per hectare. The use of ' 
inorganic fertilizers has been the most important technological factor, con- 
tributing approximately 50% of these yield increases (von Peter, 1980). The 
aggregate use of fertilizers in developing countries, unfortunately, is low. 
Currently, the developing countries use only 27% of the world's inorganic fer- 
tilizers to produce 28% of the world's cereal grain, yet farm 60% of the 
world's land planted to cereal and contain 73% of the world's population (FAO, 
1980a). 
Table 2 shows the estimated contribution of fertilizers to cereal grain 
production in three developing regions. The percent increase in production 
due to fertilizer use averaged 29%. Due to the limited land area where fer- 
tilizers were applied, their overall contribution to cereal crop production 
averaged only 15%. Increasing the cultivated area that is fertilized, there- 
fore, is also an important consideration. 
The World Bank (1979) has estimated that about 50% of all food production 
increases in the next 20 years in developing countries will be achieved through 
increased fertilizer use along with other associated agricultural inputs. In- 
organic fertilizer use in the developing countries is projected to increase 
through the year 2000 at a faster rate than at present (IFDCJUNIDO, 1978; World 
Bank, 1979). The latter report stated that 
"Undoubtedly the increased use of fertilizer is the most 
important way to increase crop production and help de- 
veloping countries become self-sufficient in food pro- 
duction." However, "it is unlikely that the overall fer- 
tilizer deficit and hence food production will improve to 
a satisfactory level unless there is a major attack on the 
constraints which prevent fertilizer use." (World Bank, 
1979). 
Table 1. The functions and compounds of the essential mineral nutrients occurring in plants. 
Element Probable functions Examples of compounds 
MACRONUTRIENTS: 
Nitrogen Major metabolic importance as compounds 
Phosphorus Energy transfer, structural 
Potassium Osmotic relations, protein conformation and 
stability, stomata, membranes and pH 
control 
Magnesium Enzyme activation, pigments and ribosomal 
stability 
Calcium Enzyme activation, cell walls 
Sulphur Active groups in enzymes and coenzymes 
MICRONUTRIENTS: 
Iron 
Copper 
Manganese 
Molybdenum 
Zinc 
Boron 
Active groups in enzymes and electron 
carriers 
Enzymes, photosynthesis 
Photosynthesis, carboxylic acid 
metabolism 
Nitrogen fixation and nitrate reduction 
Enzymes 
Sugar transport, co-ordination with phenols 
Amino acids (proteins), purines, pyrimidi nezi (nucleic 
acids), amines, alkaloids, ureides, amino sugars, 
flavins and other coenzymes, porphyrins, chlornph~ll 
Sugar phosphates, ATP, GTP, etc.$ nucleic acids, 
coenzymes, phytic acid, phospholipids, ticetyl 
phosphate, phosphaenol pyruvate, coenzymc A, 
thiamine pyrophosphate 
Probably occurs predominantly in the ionic form 
Chlorophyll 
Calci uin pectate, calcium phytate, cal cilliri carborW:s 
cn 
Cysteine, cystine, glutathionine, methioninc, S-adenosyl 
methionine, thio-glucosides, polysaicha:*ide sulph~tes 
(agar), lipoic acid, coenzyme A, thiamine, adenos ine 
phosphosulphatc, sulpholipids 
Cytochromes, ferrodoxin, catalase, porpH:,rin synthesis, 
nitrogenase, nitrate, nitrite and sulpb';te reduct;ises, 
ferritin 
Polyphenol oxidase, amine oxidase, plastocyanin 
Manganin 
Nitrate reductase, nitrogenase 
Carbonic anhydrase 
Borate ion; no naturally-occurring organic compound 
established with certainty 
Table 1. (continued) 
Element Probable functions Examples of compounds 
Cobalt Nitrogen fixation Vitamin B12 in nitrogen-fixing micro-organisms only 
Silicon Structural Hydrated silicon dioxide 
Sodium Enzyme activation 
Chlorine Photosynthesis (as Cl-), also in compounds Chlorinated indoles, alkaloids 
Adapted from: Hewitt and Smith (1975). 
rn 
Africa 12.4 
1C.8 
2.5 
27 
20 
Total 39.5 29 
*Calculated from IFGC/WIDCl (1978). 
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I I- L aGi,er stress is one of the most frquentiy llmfting factcrs affectincj 
the utilization of plant nutrients. An addit?onal 50 mil'lion ha.of irrigited 
agriculture are expected to be added by 1990, and irrigation water use will 
double by 2000 (Levine et al., 39793. Currently, 201 million hectares, 14% 
of the world's cropland are irrigated (FAG, 1980a). Two-thirds of the present 
irrigated land is planted primarily to rice, with the remaining third to cot- 
ton, sugar beets, sugarcane, fruits and other grains (NAS, 1977 a,b). Much 
of this irrigated land is not in the arid areas: but in the subhumid and humid 
regions of the world, mainly in Asia (NAS, i977 a,b). The developing coun- 
tries hold 73% of the korld's irrigated hectarage, with Asia accounting for 
57% and the iJear East, Latin America and Africa having 9%, 6% and.l%, respec- 
tively (FAO, 1980a). India, China and Pakistan alone account for 49% of the 
world's irrigated land and 66% of the developing countries' irrigated agricul- 
ture (FAO, 1980a). 
The impact of irrigation on food production is of major dimension. For 
example, in India grain production on rainfed agriculture averages about 400 
kg/ha, while that produced by irrigated agriculture averages 2150 kg/ha 
(Levine, et al., 1979). Although no statistics are available, it is safe to -- 
assert that a large proportion of fertilizers used in developing countries is 
used on irrigated land as well as on plantation agriculture. It is obvious, 
therefore, that during the next decades improved efficiencies of plant nu- 
trients must play a key role in food production increases in irrigated agri- 
culture, especially in the more heavily populated countries of Asia and the 
Near East. 
Water resource development, however, is likely to be insufficient to make 
a significant impact on increased food production in most developing countries 
of Africa by 2000 (Levine et al., 1979), Latin America and parts of Asia. In 
these areas, rainfed agricxt*e wil? be the main contributor to food produc- 
tion increases (Levine et al., 1979). In addition, the high investment cost 
of irrigation (averaging U.S.$8,00O/ha if water is stored) make it partic- 
ularly necessary alleviate several soil constraints to insure that irrigation 
water be used effectively (Levine et al., 1979). Improved plant nutrition, -- 
B. Terms of Reference 
The authors of this report were asked by TAC on Hay 10, 19I;C to under- 
take a study on plant nutrition research for consideration of TAC/CGIAR. In 
the subsequent months, several outlines for the report :%!ere proposed by TAC 
and by the authors and were discussed. The following plan was agreed upon 
by the TAC Steering Ccmmittee and the authors: 
1. To develop a background paper which would address, at ?east 
generally and briefly, the following topics: 
a) The importance of plant nutrition in world food production 
0) The plant nutrient sources and use from 
-mineral and organic soil reserves 
-inorganic chemical fertilizers 
-biological nitrogen fixation, both symbiotic and 
non-symbiotic 
-recycling 0 f organic residues and wastes 
2. To present, against such a background, the following: 
a) Plant nutrition research priorities by major recent 
assessments. 
b) Grouping of the consensus plant nutrition research 
priorities along specific agroecological zones within 
the framework of short and long-term impact, magni- 
tude of cost, ease of transfer, payoff and existing 
capabilities of national and international research 
institutions. 
c) Detailing major current involvements in addressing 
these plant nutrition research priorities of various 
institutions in developing and developed countries. 
3. To suggest, against such a background, alternatives for CGIAR/TAC 
consideration in addressing priority plant nutrition research needs. 
The TAC Priorities Paper (TX, 1979a) and the Report of the TAC Mission 
to IFDC (MC, 197Sbj proved especially useful as background materials for the 
preparation of both the interim and final draft reports. 3any other reports, 
articles, bcoks and personal coniinunications concerning plant nutrition and 
the world food problem were utilized in the course of this study. From these, 
the pertinent information has been distilled, summarized and used in the pre- 
sent report. 
Gratitude is expressed to Drs. R. W. Cummings and J. K. Cou 
prised the TAC Steering Committee for this report, and to Mr. P. 
their valuable advice and suggestions in the preparation of this 
Acknowledgement and thanks are extended to Drs. D. L. McCune, P. 
(IFDC), R. Dudal (FAD) and several North Carolina State Universi - 
lter, who com- 
J. Mahler for 
report. 
J. Stangel 
ty faculty for 
supplying background materials which otherwise would have been unavailable or 
extremely difficult to obtain. The review comments of Drs. D. Munns (Univer- 
sith of California at Davis), D. Muljadi (Soils Research Institute, Indonesia), 
J. Velly (ORSTOM, France), D. J. Greenland and N. C. Brady (IRRI) were most 
helpful in improving this report. 
III. PLANT NUTRIENT SOURCES AND USE 
This section shall focus mainly on the primary nutrients due to their 
overriding important e for crop prodtiction, though the ccntribution of other 
essential nutrients to crop production is acknokdledged. 
Due to the lack of complete informatio n in the literature regarding the 
absolute and relative contributions of major sources of primary nutrients to 
the world's crops, the authors have calculated gross estimates of primary 
nutrients supplied annually to the world's 1434 million hectares of culti- 
vated and permanent crops (Table 3). The major sources of primar;, nutrients 
were considered to be those released in available form from soils, inorganic 
fertilizers, organic fertilizers, bl'ological ,P;it;cogen fixation and atmos- 
pheric deposition. Soil release data are from authors' calculations based OII 
uptake data by non-fertilized crops (Sanchez, 1976); inorganic fertilizer 
data are from IFDC/UNIDG (1978); organic fertilizer data are from data for 
China (Kemmler, 1979) and adjusted by dividing China hectarage by btiorld hec- 
tarage (these organic manures do not include crop residues which have re- 
mained on harvested fields); biological nitrogen fixation and atmospheric 
deposition data are from Frissel (1978). Table 3 shows that nutrients re- 
leased from the soil or added as inorganic fertilizers comprised most of 
those supplied to the world's cultivated and permanent crops. 
A. Soil Reserves 
Although large total amounts of reserves of essential elements are con- 
tained in the soil (Appendix Table 1), the capacity of the soil to supply 
them to plants is limited. It should be recognized that even the small 
amounts of total nutrient reserves released annually in available form to 
plants cannot continue to be released indefinitely without being replenished-- 
from whatever source. Most soil N reserves are organic and small portions 
are mineralized slowly. Most soil P reserves in the mineral fraction are 
relatively insoluble forms of iron, aluminum, occluded,- and calcium phos- 
phates and only over time do small portions of some of these become available 
to plants. Much P is present in organic matter, but that mineralized is 
commonly incorporated into the solid inorganic fraction. Potassium availa- 
bility from the soil in contrast, is generally governed by weathering of pri- 
mary minerals. 
Published data with accurate estimates of the amounts of essential ele- 
ments supplied to crops solely from nutrient reserves are difficult to find. 
Based on calculations using primary nutrient uptake data by non-fertilized 
cereals, the authors were able to arrive at the following gross estimates of 
primary nutrients released annually to crops from mineral and organic soil 
reserves : 30 N, i5 P205 and 47 K20 in kg/ha (Table 3). Overall, the amount 
of available primary nutrients supplied from reserves in the scil totals 
92 kg/ha, while that estimated to have been applied from inorganic sources in 
the developing countries in 1980 was 32 kg/ha (Table 3). 
Table 3. Gross estimates of primary nutrients supplied annually to the world's 1414 million hectares of annual 
and permanent crops. 
_-- 
-____I-----__ _I_-- - , - - -  
N PyOfi J22LL---.--- Primary nutrients __- __L_x--_ I 
%of % of % of % of 
kg/ha Total Total. kg/ha Total Total kg/ha Total Total kg/ha Total Total 
Plant Nutrient Source lo6 tons lo6 tons lo6 tons lo6 tons 
---- -- ._ --- -_I_I_-_.._- 
Soil release 30 42 34 15 21 38 47 66 66 92 86 46 
Inorganic fertilizers 39 56 44 21 30 54 19 27 27 79 113 40 
Organic fertilizers 4 6 5 3 4 8 5 7 7 12 1.7 6 
Biological N fixation 9 13 10 0 0 0 0 0 0 9 3.3 5 
Atmospheric deposition 6 9 7 0 0 0 0 0 0 G 9 3 
LI_I_ __-- -.__-- _---.-- --1_ 
Total 88 126 100 39 55 100 71 100 1.00 198 231 100 
r 
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B. Inoroan-ic Fertil fzers d 
Our estimates are that inorganic fertilizers comprise 40% of the pri- 
mary nutrients supplied to crops worldwide (Tab?e 3j. The !b/or?d Bank (1979) 
estimated that inorganic sources furnish "the majority of crop nutritional 
needs worldwide. 'I The bulk of crop nutritional needs on a world scale 
th?wg~? at least 201);r; are F~L 3jected by k!orld Bank (1979) to contin~:e to be 
from inorganic sources, which, in addition td the p?imary nutrients, in- 
cludes Ca, Mg, S and the micronutrients. The World Bank report indicated 
that in terms of cost for the individual farmer and foreign exchange for the 
developing nations, inorganic fertilizers will be the most important input 
in crop production from present through at least 2000. Indeed, FAO (1980~) 
reported that the developing countries' share of the imported fertilizers in- 
creased from 6% in 1972/73 to 32% in 1978/79. The developing countries' share 
of raw materials required in the annual production of inorganic fertilizers 
is expected to increase from about 28% to almost 40% between 1980 and 2000 
(Appendix Table 2). Fertilizer use in LDC's will increase more than two and 
one-half times between 1980 and 2000 (Table 4). 
1. Nitrogen. Industrially-produced N fertilizer is critical for the 
production of cereal grain, which is the world's major food source. Out- 
estimates are that inorganic fertilizers furnish 44% of the annual N supplied 
to the world's cultivated and permanent cropland (Table 3). 
World demand for N fertilizer is projected to increase from 56 million 
tons in 1980 to 140 million tons in 2000, with developing countries' demand 
increasing from 33 to 39% of the total (Table 5). World N supplies from i980 
through 2000 are expected to exceed demand by several percentage points each 
year, with the developing countries' production programs approaching the sug- 
gestion of an LJNIDO study of group self-sufficiency in N and P fertilizers by 
2000 (IFDC/UNIDO, 1978). Thus, by 2000, about 40% of the world's N production 
capacity may be located in developing countries. 
Natural gas will continue to be the main feedstock for ammonia plants to 
produce N fertilizer, though its use is projected to decrease from 72% in plants 
built from 1980 to 1985 to 64% in 1990-2000. Coal will increase from 9 to 17% 
in these same years , with naptha and oil comprising the other 5 and 15%, re- 
spectively (IFDC/UNIDO, 1978). The developing countries most likely will use 
natural gas as a feedstock for ammonia production (Stangel, 1977). Nearly 80% 
of the N fertilizer wi?l be urea or ammonium nitrate,.with the remainder as 
anhydrous ammonia, ammonium sulfate and ammonium phosphates (IFDC/UNIDO, 1978). 
The 1977 reserves and production of natural gas, petroleum and black coal 
in developing and developed regions of the world are presented in Appendix 
Table 3. The world's 1977 known reserves of petroleum and natural gas by 
country are shown in Appendix Table 4. From these tables, it can be concluded 
that ammonia feedstocks are widely distributed among both developed and develop- 
ing regions, that developing countries' reserves are much greater relative to 
their current production rates than ar e those of developed countries, and that 
coal supplies are more than adequate for ammonia production. However, although 
these hydrocarbon feedstocks are available in adequate quantities, they are 
likely to become increasingly more expensive. 
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Table 4. Actual and projected fertilizer use in developing and developed 
countr?es, X974-2000.* 
Country 
Groups 
974 1980 1990 ZOOQ 3974 1930 1990 2000 
kg/capita kg/hectare 
Developed 58 73 100 130 - 1cLs i49 225 322 
Developing 7 9 14 19 22 32 55 83 
"Adapted from IFDC/UNIDO (197i3). 
Table 5. Estimated and projected fertilizer production and consumption or demand 
by developed and developing countries., 1X0-ZOGO.* 
Year and Production Consumption/Demand 
Nutrient World Gevefoped** Developing*** World Developed Developing 
-----------_------------- 
1960: 
million tons ------------------------ 
N 10.4 9.4 0.9 9.7 7.8 1.9 
p2°5 
10.0 9.2 0.7 9.8 8.9 0.9 
K20 8.7 8.6 0.1 8.2 7.8 0.4 
1970: 
N 
p205 
K20 
1980: 
N 
p205 
K2O 
1990: 
N 92.8 58.9 33.9 
p2°5 
4514 31.0 14.4 
K2O 
41.9 33.3 8.6 
2000: 
N 
p205 
K20 
30.2 26.1 4.1 28.7 21.0 7.7 
19.3 17.0 2.3 18.8 15.6 3.2 
16.7 16.1 0.6 15.5 14.0 1.5 
55.6 37.5 
30.4 22.8 
27.1 22.8 
139.6 85.1 54.5 
63.9 40.6 23.3 
60.2 45.8 14.4 
18.1 
i:; 
* Adaoted from IFDWJNIGO (1978). 
** Developed countries include Nbrth America, West Europe, East Europe, USSR, 
Japan, Israel, South Africa, Australia and New Zealand. 
*** Developing countries include those in Latin America, Asia (except Japan and 
Israel), Africa (except South Africa) and Oceania (except Australia and New 
Zealand). 
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3 PhosphGrus 0 0 2 ‘r^ u.,,u.,,,c;.~s aye t))a$ jnorgafyjc fey?-‘] izeys fuy-I:;s;j A ^  t I .i,T I- I --- 
54% &h.e P;105 suppiied anwa-iiy * ..3 tile warid”s cultivated and permanent 
cropland (Table 3). woi-lb demand for P,Qs is ant'cipated to grow from 30 
million tons in 1920 to 64 million tons in 2000, as developing cotintr-ies' 
dem3rld of -the tsta? ?: ncreas2s From 25 to neay‘ly 3JYi (Tab1 2 5) ~ hkp7d F:-:J- 
duction of phosphate rock by country and region are presented in Appendix 
Tables 5 and 6, respectively. Ample kncwn reserves of phosphate rock exist 
(Appendix Table 7); in fact, rate of discovery exceeds the rate of ccnsump- 
tion (IFDC, 1973). Thz quality of the deposits varies, but supplies are 
expected'to exceed demand by several percentage points per year as several 
developing countries at tempt to become self-sufficient ln phosphate. Con- 
centrated fertilizers shall continue to be the main P sources with dfammo- 
nium phosphate (DAP), monoammonium phosphate (WA), and triple superphos- 
phate (TSP), comprising, respectively, 50, 30 and 20% of the total (IFDC/ 
UNIDO, 1978). The direct application of ground or partially acidulated 
phosphate rock (current use estimated at 8% worldwide) could decrease the 
need for chemically manufactured phosphates. Phosphate fertilizers wi?l be 
used more in compound fertilizers, comprising 65% and 85% of the P205 con- 
sumed in developing and developed countries, respectively, by 2000 (IFDC/ 
UNIDO, 1978). 
3. Potassium. Our estimates are that inorganic fertilizers furnish 2.7% 
of the K,O supplied annually to the world's cultivated and permanent cropland 
(Table 3). World demand for K20 will increase from 27 mi?lion tons in 1980 
to 60 million tons in 2000, with developing countries' share of world demand 
increasing from 16 to 24% of the total (Table 5). Though ample reserves of 
potash exist (Appendix Table 8), most lie in a few developed countries; thus, 
most developing countries will have to rely on K,O imports for the foreseeable 
future, although some new potash deposits have been found in Brazil, Ethiopia, 
Iran, Laos, Libya, Morocco, Pakistan, Peru, Poland, Thailand and Tunisia. 
Deposits are being mined in China and Chile, while Brazil, Jordan and Poland 
have exploitation plans (IFDC/UNIDO, 1978). Potash supplies should equal or 
slightiy exceed demand in the future. However, 50-60% of the new planned 
potash capacity is in the USSR and, if delayed, could precipitate a tight 
world potash supply (World Bank, 1979). 
4. N:P:K ratios. Through 2000 the developing countries are expected to 
maintain a nutrient ratio of 4:2:1 for N:P,05:K,0, while the developed coun- 
tries are expected to increase the N of the 1974 ratio of 1.4:i:l to 2.2:l:l 
by 2000 (IFDC/UNIDO, 1978). Thus, from 1980 through 2000, the greater part of 
fertilizer growth will be in N, increasing 151% from 56 to 140 million tons. 
The growth of P,Os and K20 will increase 113% from 30 to 64 million tons and 
122% from 27 to 60 million tons, respectively. The demand of the developing 
countries by 2000 is projected to be for nearly two-fifths of the N, more than 
one-third of the P,Os and about one-quarter of the K20. 
5. Sulfur. Sulfur supplies are expected to be more than adequate to 
meet fertm needs through 2000 and beyond (Stangel, 1977). This is due 
to the increasing emphasis on pollution control which will necessitate large 
amounts of S being recovered and disposed. This recovered S exceeds S demands 
by the phosphate industry and if economically feasible will be so used. Due 
6. Lime. Line supplies, both calcitic Znd dolornitic, Zre expected to 
exceed de?%?% through 2GOG, though use is not equivalent to what is required 
at present. Even in the United States, ; ime use tias been essential7y stat.ic 
at around 25 million tens per year since '1947 (Nicholafdes, 1982). I !l t h 2 
developin countries, limo use also is much less then that requ'rsd. ii'ith 
increased research in evaluation and development of crop species and varie- 
ties tolerant to s(oii acidity and the consequent use of these varieties in 
developing countries, lime supplies in developing countries are expected to 
be sufficient well beyond the 21st century. 
7. Micronutrients. Micronutrient scpplies cind demand are more site- 
specific: hence, information is limited.. However, the generalizations can 
be made ror B, Cl, Cu, Fe, Mn, MO and Zn that supplies are adequate to meet 
demand beyond 2000. As the macroelements become less limiting to crop yields - 
through increased and judicious use, the microelements are expected to take 
on increased importance in crop production. 
C. Biological Nitrogen Fixation 
Although biological sources undoubtedly contribute to nutrients supplied 
to the world's crops, the only one for which there is a reasonable estimate of 
its contribution is biological nitrogen fixation (BNF) through the symbiotic 
Rhizobia-legume relationship. 
1. Rhizobia. Biological nitrogen fixation via Rhizobia are estimated 
tosupply72.7lion tons annually to world crops (Frissel, 1978), about 10% 
of the total annual N supply (Table 3). Hardy and Havelka (1975) specula- 
tively estimated that Rhizobium-legume symbiosis contributes 80 million tons 
of N annually to agricultural soils, being split approximately equally between 
crops and pastures. Other estimates (NAS, 1977b) are for 35 million tons of 
N.being fixed by agricultural legume crops. The authors of this report feel 
that the data quoted by Frissel are more realistic, especially when crop le- 
gume N uptake, yields and hectarage are considered. Legume (soybeans, pea- 
nuts, pulses) uptake of N is estimated to be 88 kg/ton yield. In 1979, 165 
million tons of legume grain were produced on 148 million hectares (FAO, 
1980a). Multiplying 88 kg N/ton legume yield by 165 million tons, one obtains 
the figure of 14.5 million tons of N taken up by grain legumes in 1979. This 
is closer to Frissel's 12.7 million tons than the other reported estimates. 
The world's 3150 million hectares of pastures are also benefited by symbiotic 
N fixation; the only estimate of quantities of N rhizobially fixed with pas- 
tures is the 40 million tons of N speculated by Hardy and Havelka (1975). 
native and i&reduced crasses when'associated >iith N-fixinq bacteria to f-ix 
for irtcreased Pi supg'ly to trop-jcal gmsses through this associati\le synlbfotfr 
relationsnip, though considersb7y n5re research is needed. 
3. Azolla culture and blue-green algae. 
offers a SZZYSYSjSZZ~ 
The $nabaena-Azofla s)ir;;b$sis 
id fed? iization as greeti manur~uZZ~i':ocded CGTI- 
ditions, and thus fs of pzr-Licu'jar interest to paddy rice caitivation and of 
sGme potential msgnitude i;; the world's cereal grafn-N situation. Pm&j ect" 3ns 
by FAO (1978) are that Azolla cultivation in the developl:r;g world could pro- -- 
duce 1.5 million tons N per year for rice., Mzch research with Azol?a is in- 
conclusive, although indications are that it can fix as much as2GG kg N/ha/yr 
(Gunasena et al., 1979), -- The Chinese have reported paddy rice yield increases 
with Azolla ranging from 0.4-158%, with an average of 19% over 422 field ex- 
perimwrlumpkin and Plucknett, 1980). Blue-green algae and green manures 
other than Azoila are also possibilities. 
D. Organic Fertilizers 
Approximately 6% of the primary nutrients supplied to the world's 1414 
million hectares of cultivated and permanent crops is estimated to come from 
organic manures (Table 3) as dung, because no data are available about crop 
residues remaining on harvested cropland. 
10% of all-applied 
FAG (1975) estimated that nearly 
fertilizers were composed of organic manures and that there 
is potential to increase this to about 25%. The total amounts of fertilizer 
N, PZGS, K2G in organic manures worldwide in 1971 was estimated by the World 
Bank (1979) to have been 48, 16 and 39 million tons, respectively with cattle 
manure accounting for l/3 of each nutrient. This total amount of 103 million 
tons of nutrients in organic waste was nearly fourfold greater than the total 
consumption of these nutrients from inorganic fertilizers (28.6 million tons) 
in the developing countries in 1978/79. However, the estimates in Table 3 
show that only 17 million tons of these primary nutrients were actually applied 
to the world's arable and permanent cropland. 
China and India are the two main countries utilizing organic wastes as 
fertilizers. Interesting data were presented by Kemmler (1979) showing that 
while the 13.4 kg grain production/kg N, P,Os, K20 applied in China by a com- 
bination of organic and inorganic fertilizers is almost as high as that in 
Japan; the levels of N, P205, 1<.20 consumption/ha and of cereal yields are 
nearly three times higher in Japan. 
Pimente? ji979) stated tha t ik world's ri:,srgy resources are too limited 
ta feed even 0~" present popuiation uti?izing the hish?;l zne:pyy consuming 
U.S. food prodcetion system. In fact, it petroleum 25re the only source of 
energy for food prcduction and if all petroleum reserves were used via the 
U.S. high energy consuming system to produce food for the wor'ld's population, 
the 87 trillion liters of fuel reserves wou'ld last only 13 years (Pimentel, 
7979). Though his estimates may be questionab?e, Pimente? makes a point-- 
that fertilizer production systems utilizing either less energy or making 
mo:;*e efficient use of inputs mtist be developed, especially for developing 
countries. 
There are several ways to increase the efficiency of input use and these 
are not mutually exclusive. One is certainly that major efforts are needed 
to produce plant nutrients more efficiently. The classic western style models 
of large fertilizer plants may be considered one extreme, with the "backyard" 
ammonium carbonate factories of China's communes as the other. In between 
there are myriads of alternatives which could permit lqcating the developing 
countries' production of fertilizer p?ants closer to both the sources of nu- 
trient supply and the centers of food production, thereby reducing energy 
costs in terms of both production and transportation. 
Another would be looking at traditional and non-traditional agronomic 
approaches. Improved methods of placement and time of application of fer- 
tilizer nutrients (Fagi and DeDatta, 1981) will certainly play a large role 
in increased efficiencies of these nutrients, be they from inorganic or or- 
ganic sources. The increased N efficiencies in rice production in Asia by 
deep placement of urea supergranules is one such example (Yamada et al., 1979). -- 
Another way of utilizing p?ant nutrients more efficiently would be the 
use of germplasm tolerant to suboptimal soil conditions. Evaluation and 
selection of crop species and varieties tolerant to suboptimal soil and cli- 
matic conditions, especially Al and drought tolerances, has been widely ac- 
knowledgedasa major research area (NAS, 7977b; NCSU, 1979; IRRI, 1980). 
Evaluation and selection of crops and varieties tolerant to acid soils could 
be of major benefit in opening up many areas of the humid tropics and seasonal 
savannas where these soils predominate. Evaluation and selection of salt 
F. Dependency on Soil Constrajnts 
Plant nutrition under field conditions is far from a simp'le matter of 
supplyjng nutrient inputs and producing crop outputs. In addition to the 
many interactions that take place among nutrient sources, several other fac- 
tors exert major influences on p?ant nutrient efficiency. Adverse soil con- 
ditions such as high acidity, sa?inity or drought can easily decrease plant 
nutrient utilizatson to very low levels. Physical soil constraints such as 
erosion, surface crusting and others can have a similar impact. It is dif- 
ficult, therefore, to view plant nutrition research solely in the context of 
soil fertility, i.e., the capacity of the soil to provide nutrients for 
optimum plant growth, One immediate?y asks, what soil? Which farming sys- 
tems? It seems more practica! to consider the broader issue in terms of soil 
management, i.e., the manipulation of soil properties and inputs to increase 
production on an agronomically, economical?y and ecologically-sound basis. 
Scientists and adminis+-- bI ators of research programs in developing coun- 
tries are increasingly aware of the importance of soil-related constraints 
as the next major bottleneck in tropical agricultural research. Earlier pro- 
duction breakthroughs came with high yielding varieties on fertile soils with 
adequate irrigation systems. The limits of direct adaptability of such tech- 
nology are'Targe?y being reached. The genetic breakthroughs and accompanying 
cultural practices are insufficien t In the face of environmental constraints 
of which soil and water are the majn ones. Consequently, the authors of this 
report decided tc consider within the scope of this study the soil constraints 
that affect plant nutrition under field conditions in developing countries. 
7’ ! nj s s~-~:dy foc;;& cy; i +z.;c i -fl i ;:y --‘+ ~-;?<j~:,;;~n~~~j b-i01 og-ica] processss -, , .- 
that control the p*roductiv;ty of cco:~o;:iic~‘i iy i;liportant food crops and/or the 
utj 1 j zatj cn of non-re,;~y,sj~!j: e y-~sc;~r;~>. it ~2s spoxored by Michigan State 
University, the Charles F. Ketteri~~g Fou~dati:>n with the support of the U.S. 
National Science Foundatjon, :;1~c Energ;! Re;zai%ch and Development Administra- 
tion, the U.S. Department of Agriculkre and WID. A tota? of 96 scientists, 
c\ ,7 !, .' rlrJstly U.S. -based, pay:icspti& 2; :h:? ,,\,! .\ j nc; sessions that dealt specifi- 
cally with piant nutrlx:ion (nitrogQ5 i~;stit; kiater, soi? and minerai input; 
and environmental stress). J 'lotal o-i 20 ~':eritj research components are 
identified jn Table 5 t;nde;- lf;e beadj!lg i'fnj-:I; 1975." The proceedings are 
published in a book edited by Srovn et al., 1275). I- 
B. Cornell-Nationa? Science Fow-idst~on (lS761 
A.study entitled "Potential Iwrzases ?;I Food Supply Through Research 
in Agriculture" was conducted by Coi~~ii Unjversity with the participation 
of 16 scientists, mostly U.S.-based. Two volumes relevant to plant nutri- 
tion were produced, "Fertilizers arid increased Food Production" (Lathwell, 
1975) and "Researchable Areas lGh ich Have the Potential for Increasing Crop 
Production" (Ozbun,1976). A total of 14 priority research components were 
identified. They are shown in Table 6 under the heading "Cornell 1976." 
c. FAO: Improved Use of P?ant iiatrients (1977) 
FAO held an expert cons~;t;~tion in .I\pri? 1977 to review plant nutrition 
research and develop a set of recommendations. A total of 34 scientists from 
differerrt parts of tha ~or!d panticioated. 
reported in Table 6 under "FAG 1277." 
Fifteen research priorities are 
A published report is available (FAO, 
1978b). 
0. National Academy of Sciences: korid Food and Nutrition Study (1977) 
A worldwide assessment of fcod and nutrition was produced by the National 
Academy of Sciences in response to a request from the President of the United 
States, arising from the World Food Conference. Working groups on crop pro- 
tjvity and resuwces for agr.jcu‘3tw 2 identified priorities relevant .to plant 
nutrition. A total of 26 scientists participat2d in the deveiopm2nt of 
priority profiles relevant to this study. The overall recorr;nt~ndations and 
the detailed reports.of these two work groups ar2 available as separate 
valr.imes (NAS 1977abc). A total of 21 priority research components relat2d 
to plant nutrition are identified in Table 6 under the heading "NAS 1977." 
E. Soil Constra~ints Conference (1979) 
This conference was co-sponsored by IRK! and Corn211 University and was 
held in Los Barios in Junz 1979 with support Frcm USAID and the German Agency 
for Technical Cooperation (GTZj. The specific purpose was to dev2lcp prior- 
ities for alleviating soil-related constraints to food production in the 
tropics. It was a joint effort of 75 scientists from developing and d2- 
veloped countries as well as from the international centers. The proceedings 
have b22n published by IRRI (1980). Two follow-up meetings of a steering 
committee set to pursue imp'iementation of the priorities have been held. 
Twenty-five research components are identified in Table 6 under the heading 
"SK 1979."' These priorities were arranged according to three major agro- 
ecologica?. zon2s. 
F. North Carolina State University: Soil Management Collaborative Research 
Program (1979) 
This USAID-sponsored study aimed at identifying priorities for the Soil 
Management Title XT! Program. A total of 197 scientists and administrators 
from 46 countries representing 118 different institutions provided inputs. 
Priorities were developed with the assistance of an External Advisory Panel 
of international soil scientists. Extensive travel to developing countries 
was conducted as a major part of the study. A report is available (NCSU 
1979). Twenty-seven r2search components are shown in Table 8 under "NCSU 
1979," arranged into five major agroecological zones in the report. 
G. Bonn Conference on Agricultural Production (1979) 
The most recent study was organized and sponsored by the GTZ, the German 
Foundation for International Development (DSE), the Federal Ministry of 
Economic Cooperation (BMZ) and the Rockefeller Foundation. The objective was 
to assess research and development strategies for increasing agricultural pro- 
duction in the 1980's and beyond. A total of 63 scientists developed priori- 
ties relevant to plant nutrition in the panel on soils, energy, water and bio- 
logical resources (Wolff,1979). Background reports prepared prior to the con- 
ference are also published (Bentley et al., 1979; Hanson,l979; Leach,1979; 
Levine et al., 1979). The unpublishx *aft report of the soils panel 
(Bentlerlq9) describes a framework of research components by agroecological 
zones and a set of assessment parameters. A total of 24 priority research 
components were arranged in terms of five agroecological zones and are shown 
in Table 6 under "Bonn 1979." 
A. 
8. 
C. 
D. 
r -‘,,A. ,Uiir j;i;,t;-; j-l,,, *mv x x x x x 
3. Soil fertility evaluation x X x x x 
4. Fertilizer supplies, price, 
distr _ ibut,jPq 2nd !;1'se X 
5. Fertilizer manufacturing 
technology x X 
STRESS FACTORS 
1. Selection of germplasm 
tolerant to soil stresses X X x x x x x 
2. Management of soil acidity X X x x x x x 
3. Salinity X X x x x x x 
NUTRITIONAL CONSTRAINTS 
1. Nitrogen fertilizer 
efficiency X X x x x x x 
2. Phosphorus fertilizer 
management X x -xxx 
3. Potassium and nutrient balance X x x x 
4. Sulfur x x x x x 
5. Micronutrients x x x x x 
BIOLOGiCAL CONSTRAINTS 
1. Biological nitrogen 
fixation X X x x x x x 
2. Organic residue utilization X X x x x x x 
3. Photosynthetic efficiency X X X 
4. Rhi zoshere effects X X x x x 
5. Basic stress physiology 
and genetics X 
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a. 
2. 
3. 
4. 
Water mmagement :'n ratnfed 
systems X X x x x - 
Erosion prevention and 
control x x x x x -- 
Mechanical impedance x x x x 
Land clearing methods x x 
F. IMPROVED FAF;YING SYSTEMS 
1. Sustained production in 
Oxiso?s/Ultisols X X x x x 
2. Multiple cropping .X X x x x x x 
3. Agroforestry x x x 
4. Intensive fertilization of 
high value crops X 
5. Management of irrigated 
farming systems in arid 
areas X X x x 
6. Low fertilizer input farm- 
ing systems X x x x 
G. TECHNOLOG'Y TRANSFER 
1. Validation and adaptation 
of research results X X x x x x x 
2. Training X X x x x x x 
3. Developing fertilizer 
recommendations X X X 
4. Information Services x x 
*For identification see text. 
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v. RESEARCH AND BEVELOPMEMT NEEDS 
Assembling Table 6 required some necessary i? ,terpretation by the writers 
of this report, as the specific objectives and teyninoiogy of the 
varied. The partjcipaticn of one or both writers of this report in the last 
four studjcs, i,ncluding rejated trairel, facili:cated this task. For more de- 
tailed information, the readers may wish to consult the publications of the 
specific assessment reports (Brown et al., 197.5; L, ~tt:v:e71,1575; Ozbun,7976; 
National Academy of Sciences,l977abF mOJ978b; NCSU,3979; Wolff,1979; 
5entley et al . , 1979; Hanson,l979; Leach,i979; Levine et al., 1979; IRRI, 
1980). 
-- -- 
Table 6 shows considerable agreement as to what are the priority re- 
search components related to plant nutrition. The aggregate total of 32 
components arising out of seven separate studies that identify an average of 
21 priorities each is remarkab!y low. It seems appropriate to consider this 
list as a consensus of research priorities arising from the opinions of over 
300 scientists from more than 50 countries representing more than 150 dif- 
ferent institutions around the world. 
No weighting is given or implied in the ordering of these research com- 
ponents. They are arranged in broad categories: Resource appraisal, over- 
coming stress factors, mineral nutrition aspects per se, biological aspects, 
physical aspects, farming systems and technology sn3er aspects, in an 
attempt to group them in a logical but not tota'lly satisf::,i::g fashion. It 
should be emphasized again that the three most recent stud!'es arranged 
these research components by agroecolag4cal zones, recognizing that priori- 
ties differ in different major regions of the developing world, although many 
cut across geographical regions. The relative weighting by agroecological 
zone will be treated in a subsequent chapter. 
A. Research Components Related to Resource Appraisal 
All studies have emphasized the need for a better characterization of 
the land resource base as a prerequisite for tackling plant nutrition prob- 
lems in the field. Without knowing to a reasonable degree what the soil re- 
sources are, it is difficult to develop or transfer technology that would 
improve plant nutrient utilization. The three 1979 studies recognize three 
research components that, operating in sequence, carry the assessments of a 
geographical area to individual farmer fields: 1) Soil survey and classifi- 
cation; 2) interpretation of classification terminology in terms of soil- 
related constraints; and 3) soil fertility eva?uation at the farmer's fields. 
From the chemical input side, the status of fertilizer production, supply 
and marketing, plus the development of improved fertilizer manufacturing 
technology have been identified as priority research components. 
1. Soil characterization and classification. Although a soil map of 
the world has been produced by FAO at the scale of 1:s million, much of the 
data base from developing countries consists of general estimates or explor- 
atory studies (FAO-UNESCO, 1971-1979). More systematic studies are needed 
in developing areas in order to provide a reasonable assessment of attributes 
Given the diverse n ,!,ethods of anafyzing and classifying soils, it has 
been difficult in the past to transfer basic soil information from one 
country to another in a !::ay that is readily understood. Within the last 
decade major advances bl\ *Lie beer: made in the devefop,ment of quantitative 
classification systems such as Soil Taxonomy (SCS, 1975) thst are based on 
criteria determined by specified methodologies. The expanded use of quanti- 
tative soil classification provides a common language akin to plant taxonomy. 
Expanding the use of quantitative classification systems throughout the de- 
veloping world is considered a high priority activity (Swindale, 1978; IRRI, 
1980). Research on how to improve these systems for better adaptability to 
tropical areas is in progress by a series of international work groups and 
should continue. 
2. Interpretation of soil classification into plant nutrition con- 
straints. Soil classification systems are essentially ways to store mor- 
phological, chemical and physical data in a systematic and retrievable 
fashion. Soil taxa do not directly identify plant nutrition constraints. 
Furthermore, classification systems concentrate on the more stable subsoil 
properties rather than on the highly dynamic topsoil properties. This di- 
vergence has resulted in a major communication gap between the soil classi- 
fication specialists and agronomists who are primarily interested in topsoil 
properties because they most directly affect plant growth. Quantitative 
classification systems therefore, need to be translated or interpreted into 
technical systems for plant nutrition purposes. One such attempt is the 
Fertility Capability Classification System (FCC) which selected out of Soil 
Taxonomy and topsoil properties a series of parameters that can be routinely 
analyzed to identify constraints to plant nutrition in a quantitative fashion 
(8~01 et al., -- 1975; Buol and Nicholaides, 1980). Another approach is to de- 
velop ways of transferring fertility management information from thoroughly 
classified soils to other soils classified at the same family level (Bench- 
mark Soils Project, 1979). Latest advances in this project indicate that 
transferability is significantly increased when soil test data not included 
in Soil Taxonomy are incorporated in the analysis (Cady and Silva, 1980). 
FAO's Framework on,Land Evaluation also includes "ability to supply nu- 
trients" as one of its land qualities (FAO, 1976). Significant interaction 
among these three approaches is taking place. The World Food and Nutrition, 
Soil Constraints, North Carolina and Bonn studies strongly recommended 
strengthening research on technical interpretations of soil classification 
systems for plant nutrition purposes and their adaptation to specific farm- 
ing systems by national programs. 
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1976) . A major review of soil and plant testing as a basis for fertilizer 
r~ZXi'X?M~~tl~~S has been prepared ?y Cottenie (i378). In most deVeloped 
countyjes, soi1 fey-tjl ity ey~~!~atjg~ seytjjc:~s are i:ic. -11 &y&p.yj sc7'! !-cn- 
stitwte '3w of tf:e foundations of successful agriculture 2.s Bxeil as one of 
th a n(j7.t j;:,csrtact mz:-3jqS Gf ii?creasjfiCj 'j')e effjCi&~cy 0-f fe':stjjfZe:q use, 
~n~ckv~lopiig countries, one of the ,&st stdccpss ftil programs has beer? tile 
Iatef-g;a t-io;;&l SOi; Fer+ti'iitji Evaluation aiid iiIlpKlVfXk?fit P?'ogram (ISFEIP) 
which d@Jielopeci simple, lO\g cost procedures and established a network of 
national soil fertility evaluation services in most countries of Latin 
America (ISFij;F, 1974; Palencia et al., 1975; Hunter, 1975; Walugh et al., 
1975). That pY‘3gram terminated in 1975. In tropica? Asia, only Indiz-has 
a major national program. Lack of aduquat, a methods fcr formulation fer- 
tilizer recommendations for flooded rice is a major limiting factor in this 
region, and it even hampers the development of soil fertility evaluation 
services for upland crops in Southeast Asia. in much of Africa the very 
limi-ted research conducted at adequate rates of fertilization, coupled with 
the unavailability or very high costs of fertilizers have largely prevented 
the establishment of workable soil fertility evaluation services, except on 
certain large scale plantations. The FAO fertilizer program has provided 
an impressive amount of field fertilizer response data, which is now avail- 
able in computerized form by country. 
The need to initiate or strengthen soil fertility evaluation services 
was the most widely mentioned research need by developing country scientists 
in the NCSU study. The Cornell, FAO, Soil Constraints and Bonn studies have 
also endorsed the high priority nature of this component. The need for de- 
termining the critical levels of plant nutrients of new-varieties that are 
rapidly being developed i- s a clear prerequisite for improving plant nutri- 
tion at the farmers' fields. With the exception of N for which no adequate 
rapid diagnostic technology is available, the efficiency of utilization of 
plant nutrients largely depends on the effectiveness of soil fertility eval- 
uation services. 
The research and development needs vary with the level of development in 
different countries. Lopes and Sanchez (1980) have listed specific activities 
for regions or countries with 1) only rudimentary soil fertility evaluation 
services, 2) operational semiautomated laboratories, calibration and correla- 
tion at the greenhouse level, and 3) those with adequate operational facilities 
and field testing. 
4. Fertilizer supplies, price, distribution and use. Turning to the 
input site of plant nutrition, tne research and development priorities focus 
on fertilizers. The World Food.and Nutrition Study recognized that some of 
the main constraints to increased fertilizer use in developing countries lie 
in the limited understanding that planners have about 1) the economic and 
a) Establish a better understanding of the econom<c and social 
factors that inflyence the farmers' use of f:rtil<zers. Thi 2 
ir:c‘iudes the Snc7usion of risk factors in fertilizer response 
Sti;d iC?S s 
c> Develop a methodology for reliable fertilizer supply forecasts. 
d) Develop a sy.s-L~ 0*-r that wiTI collect and transmit reliable infor- 
mation cheap1 y to central points. 
e) Develop investment analysis tools for policymakers. 
Since then, country studies made by IFDC have significantly contributed 
to this direction and such efforts shou7d continue. 
5. Fertilizer manufacturing technology. The Michigan-Kettering and 
tiational Academy of Sciences studies identified lowering the cost of fertil- 
izer manufacturing as an important research priority in view of the energy 
limitations of most developing countries and the world as a whole. The main 
aspects of this research priority identified by NAS (1977c) are: 
a) Improve ammonia production through coal gasification. 
b) Develop alternate sources of hydrogen for ammonia production, 
such as low cost water hydrolysis, thermochemical processes, 
ohotoinduced electron transfer processes and the use of waste 
hydrocarbons. 
c) Develop an abio 
hydrogen. 
logical process of fixing nitrogen without using 
d) Assess accurate ly the size, quality and economic potential of 
global reserves of phosphate rock. 
d) Develop new or improved methods for the mining and beneficiation 
of phosphate ores of generally different composition from those 
found in developed countries, for example, those having high con- 
tents of silica, carbonate, iron, aluminum or chlorides. 
f) Develop improved acidulation technology designed to handle in- 
ferior grades of raw materials. 
g) Develop improved diagnostic techniques to determine the suita- 
bility of direct application of phosphate rock to the soil. 
3. Il-dL.Li*i L.,i ;: 2 r 3 3 In ,- :, '3;;r;;;;iI;zr;ts f;;. ,<;: Syj&j'-,g strsss Fa;:'i$~)-s _I_---- 
T ,ne st+ci\)id ;;:aj,f ijroLi.$ of reS2drci-i components i nciu& those related to 
aljeviatjfig k:i,des I 
so7 r phospnords lF,2 
soil constraints such as soil acidity, 1o.r~ available 
"1 -' . , 7 - 9 salinity and drought. In the past, the conventional 
approach has been to eradicate such constraints by sufficient liming, super- 
phosphate applications, drainage and irrigation. In other tiords, alter the 
soil to fit the plant's nutritional demands, thereby eliminating or reducing 
stress factors. in response to the energy crisis, a different approach has 
been developed based on the concept of using plants that tolerate to a sig- 
nificant degre e these soil constraints; in other words, fit the plants to 
the soil's limitations (Foy and Brown, 1964; Spain et al., 1975). These 
efforts have caused misconceptions such as the belief that "fertilizer-proof" 
varieties can be developed and that such tolerant plants could "mine the 
soil of its available nutrients." A recent review on this subject as ap- 
plied to acid soils shows tha t the mere successful research results are based 
on the use of tolerant germplasm together with lower rates of fertilizers and 
lime. This combination produces reasonably high but seldom maximum yields, 
but has the advantage of approaching the highest yield per unit of plant nu- 
trient input (Sanchez and Salinas, 1981). Three main research components 
fall into this category: Select tolerant germplasm, manage acid soil stresses 
and manage saline soils. It is relevant to note that the first two research 
components are mentioned prominently in the seven assessment studies (Table5). 
1. Selection of germplasm tolerant to soil stresses. Research conducted 
within the last ten years has demonstrated that plant species and varieties 
differ significantly in their tolerance to excess amounts of available Al, Mn, 
Fe, B, high electrical conductivity, high organic acid levels as well as to 
low levels of available P, Ca, Mg, Fe, Zn, Cu and other plant nutrients. The 
literature has been compiled in several recent reviews (Wright, 1976; 
Ponnamperuma, 1977; Jung, 1978; Andrew and Kamprath, 1978; Mussel1 and Staples, 
1979; Sanchez ard Salinas, 1981). They provide ample evidence that many of 
these differences are agronomically relevant and many of them are controlled by 
rather simple gene combinations that allow breeding for tolerance to specific 
stresses. 
Acid, inherently infertile soils, mostly classified as Oxisols and Ulti- 
sols cover approximately 43% of the tropics. Acid soil infertility is often 
due to the combination of individual stress factors, principally Al toxicity, 
deficiencies of P, Ca and Mg,and to a lesser extent,Mn toxicity. These 
Tolerance to the various factors involved in soil salinity (high elec- 
trical conductivity, high Na saturation) has also been studied, up to the 
point of identifying tomato varieties capable of growing in di'lute salt 
water (Epstein, 1976). The widespread use of such germplasm would reduce, 
but not eliminate the need for drainage and gypsum for alleviating salinity 
and alkalinity constraints. 
Varietal differences of rice in tolerating several stress factors found 
in flooded soils have been identified by Ponnamperuma (1977). The main 
stresses are Fe and B toxicity, Zn, Fe and P deficiency, and high organic 
acid concentrations. Breeding for multiple stress tolerance has been recom- 
inal soils mended as a way to better fit-rice varieties to specific marg 
(F. N. Ponnamperuma, personal communication). 
The evidence suggests that joint efforts between- soil SC 
breeders and microbiologists be expanded in order to identify 
tolerant to adverse soil conditions throughout the developing 
main avenues include: 
ientists, plant 
germplasm 
world. The 
a) Characterization of main varieties or ecotypes of the relevant 
species for an area for their tolerance to adverse soil factors 
in quantitative terms. Determine the critical levels for each 
factor beyond which yields substantially decrease. 
b) Match these plant critical levels with soil critical levels for 
deficiencies or toxicities as identified by soil fertility eval- 
uation. 
c) Collect germplasm (piant and rhizobia) and screen them for tol- 
erance to adverse soil factors. 
d) Breed for single or multiple soil stress tolerances and combine 
with other desirable agronomic attributes such as yield poten- 
tial and seed quality. 
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2. b!anarjamnnt of sc?l acidity. So?1 acidity is a major barrier pre- 
ventin:~ -,,L :!- n 3vel3yznt of large areas of the humid trop'cs an*d acid savanna 
regicfns of tile wrld where much of the ex,pec%d increa& in cultivated Iand 
is lfkefy to ~crur, In tropical America, for examgi e, tilece are over 3100 
mi‘llicn iiectares affected by Al toxicity, Ca and Mg deficj33cies (Sanchez a2d 
Cdlran2, i%O>. An additional 400 mi 11 ion has of soils with the same con- 
s-~;KJj fit- a.f-2 fsund in Africa 2nd jn 235 mjjjjcn bn.-+=+-as zf SQ~;'theast Asia ,L""c... L. 
(W. Cost0 ax! P. A. Sanchez, unzblis;~ed). Aithctish tcpsc~l acidity can bz 
eliminated by liming to pH 5.5 in order to ne~tra:;ze t;;e exc;;a;lgeabj e A] , 
sever21 ecozcm-ic constraints limit this stra.ightfor::lard solution to 2 small 
proport-ion of the acid soils. The seven assessment studies concur that re- 
search efforts shor.:?d be aimed at developing a package of practices designed 
to a'lleviate this major constraint. According to Sanchez and Salinas (1381) 
the following aspects should be considered: 
a) Ident.ify plant species and varieties tolerant to Al and Mn 
toxicities. 
b) Apply enough lime to satisfy plant Ca and Kg requirements 
and to decrease Al saturation levels below those that 
plants cannot tolerate. 
c) Fromote the downward movement of Ca and Mg into the subsoil 
in order to increase root development. 
d) Develop practices that prolong the residual effect of liming. 
e) Prevent the development of secondary acidity. Secondary 
acidity is that caused by the residual acidity of added 
fertilizers, particularly N sources, in soils with low 
buffering capacity. 
Secondary acidity is not only important in acid soils that have been 
limed, but also in non-acid soiis such as those of the semiarid tropics of 
Africa (IRRI, 1980). 
Other important constraints also arise when lime use is introduced in 
new areas. The lime deposits need to be identified and characterized. 
Crushing equipment for producing a fine grade of calcitic or dolornitic lime- 
stone in the carbonate form is needed. The only source available in some 
areas is slaked lime, Ca(OH)2, which is needed for building and road con- 
struction. Ca(OH)2 is a poor liming material because of physical problems, . 
and short residual effects. Although no new technology needs to be de- 
veloped; attention should be given to the composition, chemical form and 
fineness of limestone production and its transportation to the users. 
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Financ'ng agencjes should look at lime and basal phosphate applscat'ons 
as capital improvements and not as inputs to get the first planting underway. 
The residual effect of appropriate lime applicationJ c should last for several 
years. The use of these amendments, therefore, should be amortized over the 
period of time they are expected to be effective. - 
3. Salinity. Three major types of salinity can be distinguished, 
saline soiis in arid areas under irrigation, secondary salinity, and coastal 
saline soils. Technology for ameliorating saline soils through irrigation, 
drainage and gypsum applications is one of the most advanced and quantified 
aspects o,f soil science (Soil Salinity Laboratory, 19543. Never-the1 ess, the 
application of such knowledge in many irrigation projects in the developing 
world is often clearly inadequate. Technology transfer, with emphasSs on 
training water management specialists is urgently needed in many irrigated 
areas of the Middle East and South Asia. There are, however, two research- 
able issues: lj The relative tolerance of new species and cultivars to 
salinity, 2) the use of green manures to ameliorate sodic soils (Bentley, 
1979). 
Secondary salinity is that caused by mismanagement of irrigation water, 
transforming non-saline soils into saline ones. This problem is very pre- 
valent in the areas previously tnerjtir ,ned and also in small irrigation systems 
found in the semiarid tropics (IRRI, 1980). 
Much less is known about coastal saline regions, many of which could be 
devoted to rice production in Asis. The Soil Constraints Study (IRRI, 1980) 
suggested the following research topics: 
a) Demarcate the different kinds of salt-affected soils in wetland . 
regions. 
b) Determine their soil dynamics and the variability of their chem- 
ical, physical, hydrologic and climatic properties. 
c) Establish the critical levels for salinity tolerance for itnpor- 
tant food crops, and breed varieties for salinity tolerance. 
d) Develop criteria for determining which saline lands have poten- 
tial for rice or other crops and what the cost/benefit ratios 
of development wou'ld be. 
C. Research Components for Alleviating Nutritional Constraints 
The third group of priority research components comprise those that are 
directly related to the availability and efficiency of plant nutrient ele- 
ments. Among the essential nutrient elements, the assessment studies assigned 
priority attention to N, P, K, S and micronutrients in general. Also, four 
studies called attention to the issue of nutrient balance, particularly be- 
tween K, Mg and Ca. 
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1. Nitrogen fertilizer effiziency. This research component was not 
only considered in all seven studies b u t wa s g-iven high rankings in all of 
them. Lack of sufficient N is the most widespread plant nutrient deficiency 
in terms of land area of any nutrient in the tropics (Sanchez, 1976). Ni - 
trogen is also the most z4pef;sit.e aild energy requiring of -fek-j-j 1 jzy souyc-s 
and the most widely used. Unlike P and K, N fertilizer needs are difficult 
to predict quantitatively beca.:~se the dynamics of inorganic >i limits the use 
of soil analysis. Agronomic experience based on field fertilizer tria?s is 
usually the best guide. Usually less than half the N applied as fertilizer 
is recovered by most annual crops. Recovery is substantially lower in poorly 
managed flooded r<c e systems t/here alternating oxidation-reduction accentuate 
loss mechanisms. Not all the unrecovered N is lost because some may enter 
the organic pools and be subsequently released-to p?ants. +%everthe?ess, 
losses through leaching, volatilization and denitrification are of major pro- 
portions. Furthermore, inorganic N tends to surpress biological N fixation 
in the soil and in nodules of legume roots, thus decreasing the efficiency 
of the sources of N. Organic nitrogen additions as manures, crop residues, 
and compost also affect the efficiency of applied N, but relatively little 
is known about the interactions between these sources of N. 
Ttie main areas requiring attention are summarized below, many of which 
are drawn from the review by Bouldin et al., (1980) and the conclusions of -- 
the various assessment studies. These research issues are not relevant to 
legume plants or to grass/legume associations where no N fertilization is 
contemplated. 
a) Although the ba sic concepts of N management are well known for 
most cropping systems, site-specific fine tuning is needed. It 
is suggested that N management research follow an integrated 
approach considering that plant N uptake at a desired yield 
level is a function of N mineralized from soil organic matter, 
N mineralized from organic additions (crop residues, 'legume 
residues and manures), biological N fixation and fertilizer N. 
b) An exception to the above statement is the need to understand 
the basic concepts of N management in intercropped systems, and 
in several tropical crops that have not been thGrGUgh’ly studied. 
c) Maximize the recycling of N through use of crop residues, rota- 
tions or interplantings with legumes, and utilization of organic 
N. Bouldin et al., (1980) described the Chinese experience where -- 
2/3 of the N comes from organic sources, and the possible adapta- 
tions and limitations to other areas. 
d) Quantify loss-mechanisms better, particularly leaching in well 
drained soils, and denitrification and ammonia volatilization 
in wetlands. 
e) Evaluate new N sources and methods of application. An important 
breakthrough appears to be in the making with the deep placement 
of urea supergranules in flooded rice soils. Work by IFDC and 
IRRI indicate that the N efficiency of flooded systems without 
f) Develop a pt*actical test for estima-iing available so il N. 
2. Phosphorus fertilizer management. Phosphorus deficiency 
problem throughour, cn 'etrcpics, particularly in the humid tr 
is a widespread 
epics where the 
dominant sc!'?s are Oxisols and Uitisols, in 'lertiscls of the semiarid tropics 
and in Andisols derived from vo?canic asih. I:-! add"ltiQn, fi\Qst a~,<.~Qj S, 01"Lj - 
sols and Andisols with loamy or clayey topsoil texture fix large quantities 
of added P, thereby rendering that nutrient.at best only slowly available fc:- 
plant growth. There are about 1100 million hectares of soils with high P 
fixation capacity in the developing world (W. Coutc and P. A. Sanchez, un- 
published data). The residual effects of P fertilization in high-fixing soils 
however, can last for many years. For example, an app?ication of 1280 kg 
PzOs/ha as triple superphcsphate broadcast and incorporated into an Oxiscl of 
Brazil has produced an average of 6 .3 tons/ha of corn per crop during the past 
nine years. Economic analysis assuming a 25% annual interest rate on capital 
and price:cost ratio of 6.7 kg corn to pay for 7 kg of P20s showed that this 
alternative was more profitable than small yearly applications (Yost et al., 
1979; Sanchez, 1981). 
-- 
As in the case of lime, basal or corrective phosphorus 
applications should be viewed as a capital investment and financed accordingly. 
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In many cases, socioeconomic constraints prevent the application of large 
quantities of P to high fixing soils. For soils that are both deficient in 
P and have a high fixation capacity, a phosphorus fertilizer management 
strategy needs to be devised for major farming systems. The main research 
components to develop such a strategy are: 
a) Evaluate different sources of P, in order to determine the feasi- 
bility of direct application of phosphate rocks. 
b) Determine better placement methods, including combinations of 
banded and broadcast applications. 
c) Conduct long-term studies on the residual effect of phosphorus 
applications to evaluate their full economic value. 
d) Determine the critical requirements of P by main varieties and 
plant species both in terms of external (soil) and internal 
(plant) requirements. 
e) Select plants that utilize more efficiently low levels of 
available soil phosphorus. 
f) Determine the role and potential of endomycorrhizal inoculations 
for increasing the ability of plants to absorb phosphorus from 
the soil. 
g) Elucidation of the interactions between soil amendments and 
phosphate applications as well as P-organic matter interactions. 
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3. Potassium and nutrient balance. Accordjng to interpretaticns based 
on the FAO World Soils Hap , approxfmately 27% of the developing world"s land 
is dominated by soils with low K reserves (W. Couto and P. A. Sanchez, un- 
published). \With continuous cultivation and crop intensification, partic- 
ularly if N and P fertilizers are used, the rate of K release :'n sojls with 
low reserves decreases below the critical level-and K?ertilization is needed 
(Kemmler, 1980). Although the chemistry of K in soils is well understood, 
little attention has been given to research on how to improve the efficiency 
of K fertilization in the various farming systems. Emphasis should be given 
to rates and timjng of K application, K dynamics in the soil and recycling 
through crop residues and other means. Similar attention to that given to 
N and P fertilizer management in many farming systems now neetis to be given 
to K. 
After deficiencies of major nutrient elements identified and corrected 
by fertilization or liming, crop yields often do not increase as expected and 
in many cases decline. One increasingly common reason for such decline is 
the development of nutritional imbalances, particularly in soils with Tow 
activity clays such as Oxisols, Ultisols, oxic Alfisols, particularly when 
the topsoils have coarse textures. Correction of K deficiency often causes 
Mg deficiency because of an improper K/Mg ratio on the exchange complex 
(NCSU, 1978). Likewise, nitrogen fertilizer applications may induce secon- 
dary acidity which, in turn, may reduce availability of other nutrients. 
These problems are m,, ore severe in areas where fertilizers are available only 
in one or two formuiat<ons and one or both have high residual acidity. Nu- 
trient imbalances are particularly important in the humid tropics, but they 
are also widespread in soils of the semiarid tropics and acid savannas with 
low activity clays. Nutrient imbalances are more frequent where only NPK 
fertilizers are used, or where excessive applications of lime or P are erro- 
neously applied. 
For each.major farming systemsin which imbalances are suspected, nu- 
trient.dynamics need to be determined as a function of time and depth. The 
effects of recommended fertilizer and lime applications on the status of K, 
Ca, Mg, S and micronutrients should be determined as well as the critical 
ratios that indicate imbalances. The possibilities of solving such problems 
by alterations of fertilizer ratios or by changes in the manufacturing of 
fertilizers also need to be determined. The imbalanc.es being discussed are 
not limited to arable or food crops; tree crops and grazing lands may be 
affected too. Thus, nutrient balance studies should be concerned with the 
whole nutrient cycles within soils for farming systems of general importance. 
4. Sulfur. This element is of special concern because of the increas- 
ing frequency of its deficiency and its relatSonship to N. The decomposition 
of organic matter releases both N and S in plant-available forms with N:S 
ratio of about 15 to 1. When N fertilizers that contain no S are applied, 
the ratio of available N to S often increases sharply and plants suffer from 
lack of sufficient S to produce the normal N:S ratio of 17:l in their tissues. 
With some cereals or oilseeds, such imbalances may actually reduce grain 
yields even though the N fertilization may increase vegetative growth of the 
crop. 
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Blair et al. 3 (1980) emphasized that S ,2eficiencies have been remrted -- 
throughout the tropics, although the amount of research fs rather 'limited. 
The increasing use of lime and phosphate fertilizers may decrease S reten- 
tion ,in surface soils and may result in 'less S available for crop growth. 
Higher analysis ferci‘iizers manufactured at present are devoid of or low in 
S; deficiencies, therefore, are likely to increase unless S is incorporated 
j (ato tl!e fp'l'.ti 1 j z23*s. According to Bla'r et ai., jl980>, sulfur fertiliza- 
tion dramatically increases the methionin 
-- 
e content of grain in areas where 
S is deficient, thereby contributing to a better nutritional quality of the 
product. 
Priorities for sulfur research are: 
a> Development of appropriate chemical methods to estimate S avafl- 
ability. 
b) Coordinated investigations o-f the effect of S fertilization on 
crop yield and quality. 
c) Selection of varieties which are efficient in the use of S. 
d) Study S reactions in dryland and wet!and soils as to efficiency 
of fertilizer S sources, leaching and residual values and dong- 
term effects. 
e) Methods of incorporating S into fertilizer formulations for use 
in the tropics. 
5. Micronutrients. Deficiencies of Zn, Fe, B, Mn, Cu and MO are be- 
coming increasingly Important constraints in the developing world because 
1) the increasing use of NPK fertilizers raises yiefd levels and conse- 
quently plant micronutrient requirements, and 2) the-expansion of the agri- 
cultural frontier into marginal soils, where micronutrient limitations are 
generally more acute. The basic problem is a paucity of information about 
micronutrient levels in the soil and micronutrient requirements of plants to 
be grown. 
The widespread nature of micronutrient deficiencies can be illustrated 
by comments from recent reviews. Zinc is probably the most limiting micro- 
nutrient fn terms of areai extent, because it occurs both in acid and cal- 
careous soils. Sanchez and Cochrane (1980) estimate that 50% of tropical 
America's land area (approximately 740 million hectares) suffer from some 
degree of Zn deficiency, Large areas devoted to lowland rice in Asia are 
also Zn deficient, including many soils that are kept constantly flooded 
(Ponnamperuma, 1977). About half of the soils of Brazil are deficient in 
MO for legume crops (J. Dobereiner, personal communication). Poor rhizobium- 
legume symbiosis is often due to unidentified micronutrient deficiencies, 
which often leads to pasture degradation (Hutton, 1979). A review by Lopes 
(1980j notes that Ultisols in the Amazon jungle of Peru are deficient in B, 
Cu and MO. Volcanjc ash soils, particularly the older ones, are often de- 
ficient in MO. Overliming of Entisols, Oxisols and Ultisols in Africa have 
resulted in deficiencies of Mn and Zn. On the other hand, Mn toxicity has 
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been obser%~cd in the acid Entiso!s. &y-on d&icieficjes are ~;<t~~sj:;~ in 
Africa on hydrcmorphic soils and Alfisols. Molybdenum def5 ci enci es are a 
problem in acid sandy soils in Africa. Iron deficiencies of paddy rice 
have been found in the calcareous soils where low organic m<atter contents 
limit soil reduction. 
Deficiencies of microntitrients in legumes must be studied with plants 
inoculated with rhizobia, because the legume-rhizobia symbiosis often re- 
quired more f?o, Fe, Co, S and Ca than the plant alone. 
Identification and solution of micronutrient deficiencies require 
sophisticated laboratory facilities and %tet?sivc f i al il ex~c+Exits * Suck 
investigations should include: 
a) Determine of soil tests or plant tissue critical levels (defi- 
ciency, toxicity and balance) of the various micronutrients for 
the various crops to be grown in a region. 
b) Correlate micronutrient differences'with natural soil classifi- 
cation systems or technical interpretations thereof. 
c) Determine appropriate rates, timing and methods of applications 
of the necessary micronutrients, estimating the length of their 
residual effects and possible interaction with other plant nu- 
trients. Monitoring of possible buildups of 3 and Cu that may 
reach toxic levels shouldbe included. 
d) Determine appropriate ways of incorporating micronutrients in 
fertilizer combinations. 
D. Research Components for Utilizing Biological Resources 
The fourth group of research priorities encompasses those that include 
a direct plant input as a source or expediter of improved plant nutrition. 
Biological nitrogen fixation is of overwhelming importance, but other aspects 
of a more fundamental nature have been identified by the assessment studies. 
In addition, soil-borne pathogens, including nematodes are important biologi- 
cal constraints. They will not be discussed in this paper because this con- 
straint is generally considered the province of plant protection. 
1. Biological Nitrogen Fixation (BNF). Among the soil nutrients, 
only N has natural biological mechanism for replacing crop removal and 
losses from the soil. Atmospheric N can be transformed into ammonia by 
N fixing bacteria. Biological N fixation together with photosynthesis 
are among the key processes responsible for the maintenance of life on 
earth. The exploitation of BNF is gaining increasing importance because 
it replaces fossil fuels in supplying crops with N. The principal mech- 
anism is the legume-rhizobium symbiosis. The associative symbiosis of 
bacteria and pasture grasses as noted by Weier and MacRae (1981) may hold 
promise.- Another important mechanism is asymbiotic fixation in the soil 
and rhisozphere of plants, which is of particular importance in flooded 
soils. The use of Azolla-Anabaena symbiosis between a blue-green algae 
and an aquatic plan-r-been introduced from Vietnam and China 
to the rest of the world. The N fixed by Azolla is incorporated into the 
soil by mixing the plants into the topsoil. 
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A major advance jrj j ncreas; 125 &,,,, DPlr far .;ja'rgjcaj Soj 2 s is t,kje e>;jstejlc,z of 
differential tolerances by rhizob?'um strains to adverse soil factors such as 
soil acidity, salinity, temporary flooding and even high soil N content 
(Peter Dart, personal cmw?7:Catjan). Some priority research areas suggested 
in the Soils Constraints Conference (App et-al., l-980) and by the Bonn study -- 
are outlined below: 
a) Select rhizobium strains to match soils and local cultivars. 
b) P.e:fiev/ the needs for P and Mo 
. . . c , . fertil ~za~ion or rmzobia b,iu 7 -4 
' associated legumes. 
c) Develop superior yielding varieties'of grain legumes more 
capable of being better partners with improved rhizobia. 
d) Develop legume-based pasture prodtictian systems for those 
soils marginal for food grain production. 
e) Develop mycorrhizal inoculants for legumes to enhance their 
P uptake. 
f) Develop improved methodology for estimating non-symbiotic 
N fixation. 
g) Select variant forms of Azolla and blue-green algae suited 
to specific rice soils. 
Mention should be made of the possibility of drastically changing the 
genetic makeup of cereals in order for them to supply sufficient energy to 
the roots to support symbiotic or associative N fixation. This issue was 
featured prominently in the earlier studies but not in the three 1979 stu- 
dies. This is probably a reflection of more urgent needs in tropical areas. 
Such long-term low probability of success research, however, merits contin- 
ued attention by advanced laboratories around the world, but no longer ap- 
pears as a high priority item for problem-oriented plant nutrition research 
in developing countries. 
2. Organic residue utilization. The rising cost of fossil fuels draws 
attention to the need to make better use of organic materials from agricul- 
tural residues and other sources for supplementing the supply of plant nu- 
trients available from the soil and from inorganic fertilizers. Increasing 
petroleum costs, however, also increase the demand for organic residues for 
direct conversion into liquid fuel. Consequently, competition between agri- 
culture and industry for manures and crop residues is an important consider- 
ation. 
Other potential uses of organic materials are in mulching for moisture 
management and soil structure maintenance and the use of green manuring to 
increase plant nutrient availability. Currently, these potentials are in- 
adequately exploited. The Soils Panel of the Bonn Conference suggested the 
following areas of research emphasis: 
a) Jnlprove t:-;e recycling of orpnic mts?ri2Is, fncj &"j-q b,&i;e;a r-0: - 
'iection, conservation and appfication of organic materials to be 
retTurned to the land, such as crop residues at-4 animl 6amres. 
b) Compare the benefits of alternative sources of-plant r?uXr<erits, +‘-.- Liii 
interaction between organic and inorganic nutrient inputs, as ~11 
as the real costs of using orga;>ic materials as ferti: jzsi*s. 
c) Determine th, a factors Iwhich limit adoption of effective organic 
materials to important farming syst.ems. 
3. Photosynthetic efficiency. Plants captor e less than 3% of the solar 
energy they receive in the process of photosynthesis. The Horid Food and 
Nutrition Study suggests that the theoretical maximum is 12% and that both 
basic laboratory and agronomic research could significantly increase the rate 
of solar energy conversion. The Michigan-Kettering study and the World Food 
and Nutrition Study emphasized the following priority aspects (Brown et al., -- 
1975; NAS, 1977b): 
a) Slowing photorespiration in C3 crop species. 
b) Increasing the efficiency of dark respiration. 
c) Investigating C3 and C4 species differences. 
d) Improving plant architecture and transport of photos;/nthate. 
This priority area, however, received a rather different agronomic emphasis 
at the Bonn Study (Wolff, 1979). The suggested areas of work are: 
a) Appropriate multiple cropping systems for specific environments 
to take full photosynthetic advantage of availabl-e solar energy, 
soil and water resources. 
b) Increase the capability of root and tuber crops to store photo- 
synthate. 
c) Breed and select crop plants with improved architecture for 
capturing solar energy and storing photosynthates. 
d) Plant well-adapted tree crops that can rely on stored soil 
moisture and photosynthate reserves to withstand periods of 
environmental stress. 
e) Select varieties of crop plants with high tolerance for 
drought and other environmental stresses. 
This is the only research component where real divergence was observed among 
studies as to the means to accomplish the same objective. 
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The rhizosphere is a complex and ever changing regionofthe soil in Which 
mjcycfjoy-2 2nd p:agt j-acts jnte;qct $;jtfi each oti;er. '-71, f - . / II ; > IS "k$!;"leyy j-p*2 
actiix i sit in tTzrms 
ted by a . 
of plant nutrient uptake because nutrient ions are affec- 
di Fferen.t chemical coq~siti~n from the rest of the soi 1 resg! tjr\g 
from root secretions and microbiological activity (TGS, 1977c). Our under- 
standing of this crucial region is limited, aside irom BNF. Two major con- 
siderations are the potential increases in nutrient uptake via mycorrhizal 
associations and a better understanding of nutrient uptake in the rhizosphere. 
Endom;icorrhizae enter into synY1 ;;osis wi-th roots of most important crop 
plants. Funga? hyphae act essentially as extension of the plant's root sys- 
tem, increasing the volume of soil from which the plants can absorb relatively 
immobile nutrients, particularly P. Most annual and perennial crops are 
mycorrhizal and the benefits of such associations are already taking place. 
A classic example of cassava, a species that has a very high P requirement in 
culture solution but a very low requirement in soil culture because of endo- 
mycorrhiza infection (Yost and Fox, 1979). 
The principal research aspects are: 
a) Develop practical methods of inoculating plants with improved 
mycorrhiza strains under field conditions. 
b) Determine whether inoculated strains persist and improve 
nutrient uptake. 
c.) Determine the importance of rhizosphere reactions such as 
"hydrogen leaking" that may affect or improve nutrient up- 
take (Israel and Jackson, 1978). 
5. Basic stress physiology and genetics. The physiological mechanisms 
that govern plant tolerance to soil stresses are not sufficiently well under- 
stood (Wright, 1976; Jung, 1978). It is known that some varieties require 
less P for maximum yields than others of the same species but the mechanisms 
are poorly understood. Likewise the inheritance mechanisms of tolerance to 
adverse soil stresses is not sufficiently documented. Basic research in 
these aspects have been identified by the Nichigan-Kettering study as a pri- 
ority research component. 
E. Research Components for Alleviating Physical Soil Constraints 
Four priority research components for preventing or overcoming soil phy- 
sical constraints to improved plant nutrition have been identified by the 
different studies: Improved water management in rainfed farming systems, 
prevention and control of soil erosion, surface crusting and other mechanical 
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1. Water management in rajnfed farming systems. Rainfed farm5ng sjs- 
terns ofte!?%?mrcm temporary pezods of waterstress becaiase of the 
vagaries of rainfa?l distributjcn during the i-ainy season. The Bonn study 
notes that the failure to make the most of the available precipftation is 
exacerbated by losses vja runoff, and leaching and subsequent damage to the 
environment. Nowhere is this constraint more cr;t?cal than in the semiarid 
tropics. Thjs region is also fortunate to begin ?XpZ?~iCiTCifi~ a bieakthrouyh 
on how limited and undependable rainfall can b&utilized in a way that two 
good crops can be grown per year where only one marginal crop could be grown 
before. ICFIiSAT's Farming Systems Program and related national programs are 
showing the way for one major so'> type, the deep Vertiso!s (Krantz et al., 
1978). 
-- 
Similar technology needs to be developed for areas with different 
soils, particularly the sandy and plinthic Affisols of the Sahel and Sudan 
savanna regions of West Africa. The Bonn Study identified the following as- 
pects as key ones to improve water utilization in rainfed semiarid farming 
systems (Wolff, 1979): . 
a) Technologies for collecting, using and conserv 
crop production, including "water harvesting." 
b) Effective surface drainage techniques especial 
ing water to increase 
ly fcr heavy soils 
to eliminate excess surface water during periods of intense rain- 
fall and deliver it to storage tanks. 
c) Adapting animal-drawn equipment to conduct tillage operations at 
low cost. 
d) Cooperative efforts by local farmers to develop and manage water- 
shed systems, including storage tanks for supplemental "crop 
saving" irrigations. 
e) Labor intensive technologies for soil, water and crop management 
by small farmers. 
2. Erosion prevention and control. Clearing and cultivating land exposes 
the soil to the erosive effects of wind and rain, and can lead to accelerated 
erosion, reducing the productivity of the soi 1 and causing siltation of streams 
and reservoirs. This, in turn, may result in flood damage downstream. Over- 
grazing, exploitative logging practices and construction work a,lso lead to 
accelerated erosion. Although the imediate effects of erosion are most spec- 
tacularly visible in the steeplands and the semiarid tropics, it is a phenom- 
enon common to all areas other than those river basins where lowland rice is 
produced and where carefully controlled water use and distribution systems are 
well established. Although the damage caused by severe erosion is easy to 
visualize, development agencies find it difficult to estimate the value of soil 
conservation programs that will prevent such damage. 
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La7 (1983) revi wed the impressive amount of-existing data cn soil 
erosion lcssos, particularly in Africa, aind noted the depressing fact th2t 
very little has been done about preventing them. iie expressed the need to 
become qsanti tat'i.;e SbCut eyosjon loss2s ar;d pj-oposed tije 1~52 0-F ';->e 'b'y53'1 
parameter, i.e., tor;s per hectare of soil loss required to decrease yield; 
by 50 percent. Priorit:) should be g'ven not cnf;, to preventing erosion out 
also to reclaim eroded 'land economicaily. 
Research needs are both basic and applied. The basic information cur- 
rently used in the tropics is that developed in the temperate region. Major 
differences in climate and soils suggest that it would be mere coincidence 
if the empirical relationships developed in one climatic region can be di- 
rectly transferred to others. The specific research needs outlinid by La1 
(1980) are: 
a) Wind erosion, an essentially neglected area in the tropics. 
b) Develop inexpensive and effective control methods for gully 
erosion. 
c) Rainfall parameters affecting erosivity such as drop size, 
distribution, kinetic energy and momentum of tropical storms 
should be determined to quantify the erosivity of tropical 
rains. 
d) Basic and applied aspects of erodibility of key soils. 
e) Soil management practices to prevent erosion,'such as zero 
tillage. 
f) Integrated watershed management. 
In addition, the authors suggest that methods be developed to demonstrate 
the benefits of soil conservation in the various agroecological zones of the 
developing world. 
3. Mechanical impedance. Different kinds of mechanical impedance seri- 
ously affect food production in the tropics. Perhaps the most damaging is the 
widespread surface crusting or capping common in many soils of the semiarid 
tropics, and to a lesser extent of other regions. Surface crusting can retard 
or delay seedling emergence and resuit in poor plant stands. iillage-induced 
compaction of,the topsoil often occurs when excessive land preparation takes 
place on soils without strong granular structure. Subsoil hardpans may also 
develop as a result of mechanical tillage, Articles by Nicou and Charreau 
(1980) and Taylor (1980) provide an up-to-date review of these limitations, in- 
cluding the soils where they are likely to occur. Nicou and Charreau (1980) 
note that the soils most susceptible to mechanical impedance have topsoils with 
kaolinitic clay mineralogy, less than 13% clay and probably less than 5% or- 
ganic matter. They are mostly classified as Alfisols and Ultisols. The main 
research issues include: 
42 
3) A better understanding of the prccess of su~rface crustir?g and 
soii hardening under semiarid tropical conditions in :re?ation 
to soil characteristics. 
b) i)&Vef 0pKEZ-t Of lX:52geiXf!lC S2.S tWlS t0 pif?V22t JXGi~~CtiO~. ITi 
the humid tropics this may include minimum or zero til'lage, 
buti the hardness of i-zany soils of the semiarid tropics at the 
onset of the rainy season requires the use of mechanical til- 
lage. 
C) Train extension specialists in preventing excessive tillage, 
particularly with heavy machinery which often pulverizes the 
sofls leading to compaction, runoff and erosion. 
d) Study the possibility of selecting crcp varieties for the 
ability of their roots to penetrate hard subsoil layers. 
It should be noted that the danger of laterite or plinthite formation is not 
mentioned as a constraint by any of the seven studies. Tropical soil scien- 
tists are well aware of the limited importance of this phenomenon, but unfor- 
tunatefy the popular press often mentions laterization as a major hazard 
(Sanchez and Buol, 1975). 
4. Land clearing methods. Large scale deforestation is taking place 
in many humid tropical areas with the use of mechanized land clearing. The 
rudimentary bulldozer clearing technologies employed are resulting in major 
physical damage to the soil in terms of topsoil displacement and surface soil 
compaction. This is particularly evident in certain transmigration areas of 
Indonesia and in parts of the Amazon. 
Research conducted in the Amazon and elsewhere shows that the traditional 
slash and burn method is a better way to clear tropical forests than any mech- 
anized method. With slash and burn, the nutritive value of the ash becomes 
free fertilizer and there is no significant topsoil displacement or immediate 
compaction problems. Yields of most crops and pasture species are higher in 
areas cleared by slash and burn than those cleared by bulldozing (Seubert et 
al., 1977; Sanchez, 1979). The detrimental effects often last for several- 
Ears. Unfortunately it is no longer sufficient to recommend slash and burn 
clearing because the pressure of land clearing in many areas is so high that 
it has to be done by mechanized means. The main issues are: 
a) Develop alternative mechanized land clearing techniques that 
minimize the damage to soil properties. Combinations of mech- 
anized clearing with burning are also worthy of investigation. 
b) Determine appropriate land preparation and crop establishment 
methods for sustained production to follow the different clear- 
ing methods used. 
c) Develop management practices for reclaiming abandoned land 
cleared by mechanical means. 
d) Train bulldozer operators and colonization project managers on 
how to minimize soil damage while clearing tropical forests. 
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F. Research Components Re!ated to Improving Fa1-ming Systems -- ___-- 
All studies place special emphasis on integrating the information gen- 
erated into new or improved farming systems capable of sustained and profit- 
able production. The choice of farmirig systems is quite variable lwithin a 
region and is very dependent on market demand or opportunities, farming tra- 
dition and government policies. The invention of new farming systems 's not 
envisioned by the authors of this report as an appropriate research goal in 
most circumstances. The improvement of present farming systems by the inco;A- 
poration of new technology components is usually the most effective approach 
and is strongly recommended as a key priority research area. New t echno! ogy 
that produces improved plant nutritioij must fit with other aspects within a 
farming sys.tem, not oniy the purely agronomic ones such as pest control, but 
also socioeconomic ones. 
The various assessment studies have highlighted six research components 
as specific areas of attention within the general scope of farming systems. 
Some will be discussed in less detail than the previous one because many of 
them are better described within the context of management systems for spe- 
cific agroecological zones. 
1. Sustained production in Oxisols and Ultisols. Five of the studies 
strongly recommend the development of continuous farming systems in acid, in- 
fertile soils regions of the humiu ,J tropics presently under shiftina cultiva- 
tion. Population pressures are destroying the stability of tradityonal shift- 
ing cultivation systems in much of the humid tropics. The change from shift- 
ing cultivation to some form of permanent farming system is probably drastic 
enough to be considered the development of a new farming system. Substantial 
research has been conducted primarily in the Amazon and in West Africa that 
demonstrates the feasibility of replacing shifting cultivation with continuous 
agriculture. Continuous cultivation systems of Ultisols in the Amazon of Peru 
have been developed by North Carolina State University's Tropical Soils Pro- 
gram in Yurimaguas, Peru where three crops a year are‘ grown continuously with 
judicious use of plant nutrient input. A total of 20 continuous crops have 
been grown to date and yields are increasing rather than decreasing because of 
experience (Sanchez, 1977, 1987; Valverde and Bandy, 19Sl>. Examples of long- 
term livestock production based on grass/legume pastures have also been devel- 
oped in the Amazon of Peru (Toledo and Morales, 1979). The IITA Farming Sys- 
tems Program has also developed means for continuous crop production for West 
African Alfisols, based primarily on preventing the deterioration of physical . 
soil properties. These two different approaches reflect the differences in 
constraints between Ultisols of the Amazon and Alfisols of West Africa. In the 
former case, chemical constraints are the main ones, while in the latter soil 
physical constraints predominate. 
Much of this technology needs to be validated in other areas both in 
agronomic and economic terms. The specific items are better described with 
the content of the humid tropics agroecological zone. 
2. Multiple cropping. This priority research component was included in 
all of the studies. The principal issue is to gather more fundamental informa- 
tion as to how plants interact when two or more species are grown at the same 
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time in terms of their nutritionaf relationships. klthougt-! zos t food cross 
in Africa are grown in intercropped comb?natidns most of the fertilizer re- 
sponse work has been conducted in monocultures. 3uch more work is needed on 
how to fertilize multip!e cropping systems. For additional informatjon, the 
readers are referred to a book edited by Papendick et al., (19J5). -- - 
3. Agroforestry. Agroforestry js a general term encompassing the plant- 
ing of annual crops atid/or pastures with trees, either intercropped or in 
sequence (King and Chandler, 1978). Consideratjon of this tcp'c as a p8r?orit;, 
research did not surface until 1979. The increasing i'mportance of agroforestry 
is partly due to the potent:'al benefits of including tree crops for sustained 
farming systems in the humid tropical areas with little input, decreasi:ng 
erosion hazards and the need to counteract the.severe deforestation common in 
many parts 0 f the semiarid tropics and in the steeplands. In the latter two 
regions, agroforestry is envisioned by many as the main means for alleviating 
the fuelwood crisis (Hanson, 1979; Leach, 1979). The "agro" part of agro- 
forestry (its focd production potential) is also of consideraS?e importance. 
A recent review of soils research in agroforestry (Mongi and Htixley, 
1979) suggested several priority areas, among which the following seem par- 
ticularly relevant to plant nutrition: 
a) Determination of nutritional requirements and stress tolerance of 
potentially important tree crops for agroforestry purposes. 
b) Identify the most promising combinations of annual crops with 
tree crops, pastures with tre e crops and annual crops/pasture/ 
tree crop successions for different environments. 
c) Elucidate the nutritional dynamics of interacting root systems 
and their role in nutrient cycling. 
Agroforestry.is at present a very popular issue. Unforttinately writings about 
its importance exceed the generation of hard data. 
4. Intensive fertilizatign of high value crops. This item was considered 
high priority only by the Cornell NSF study (Lathweli, 1975). It is aimed at 
improving the efficiency of foliar and soil fertilizer applications of horti- 
cultural and other high value crops to ensure high yi,eld and high quality. The 
relevance of this topic appears to be of limited scope in developing countries, 
although local economic importance may be high, for example chrysanthemum pro- 
duction in the Bogota area for export purposes. 
5. Management of irrigated farming systems. Although no figures are 
available, It 1s apparent that a large proportion of the fertilizers used in 
developing countries for food crop production is applied in irrigated farming 
systems. Although such systems are found in all rainfall regions, particular 
emphasis has been given to improve the management of irrigated farming systems 
in arid regions where large irrigation programs are underway. The yield po- 
tential of irrigated areas is enormous as they are farmed under high solar 
radiation, relatively low night temperatures that decrease crop respiration, 
dnd iow atmospheric humidity that decreases the incidence of pests and diseases. 
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\+~,t,er man:3 g,~rnn~j: 
..J‘.' _._,. is the param9~unt constraint, w'hil e nitrogen and s.37 ini t-y 
ax the most widesi;read plant nutritional cDnstraints+ Very high yields of 
wh2at, rice, sugar cane and many other crops are produced in irrigated a.rid 
areas of Pakistan, India, Egypt, Peru, Mexico and many other countries. 
The quant?:ties of N fertii izers required are often very high because of the 
hfgb yje!d pste:;tial triggered by high si;Ja;- ;psdjatjorl 2.n~ the consjderabfe 
leaching losses of N under poor water management: Fertilizer applications, 
mainly N, are conducted at the higher reaches of the response curve, scg- 
gesting important fine tuning mechanisms (Sanchez, 1976). 
Soil salinity reduces plant yields, renders irrigation enterprjses un- 
economical 2nd causes in its extreme form the complete loss of agricultural 
production potential. As mentioned before, the causes of salinity have been 
thoroughly studied and are probably well known in most affected areas. Hew - 
ever, management and remedies are still debated and reclamation measures are 
frequently expensive and even unsuccessful in many cases. 
The problem to be coped with is in the forecast of conditions resulting 
from irrigation and in the timely evaluation of salinity hazards. This re- 
quired elucidation of the interdependencies between climate, soil, water, 
natural drainage, cropping patterns, alkalinity toferance and farm management. 
The key to improved plant nutrition in irrigated arid regions is pri- 
marily improved water management. The Bonn Soils Panel Report (Bentley, 
1979) indicates that the inefficiencies of irrigation are of rapidly increas- 
ing concern and solutions will depend on new technologies as well as social 
changes. Because water is free to farmers or has only very modest charges 
in most irrigation schemes, the efficiency of water use and distribution sys- 
tems is generally very low. Practical ways and means of reducing seepage 
losses, wasteful use and unnecessarily slow water deiivery are urgently needed. 
Social research is required to develop techniques to win and expedite accep- 
tance of land consolidation and canal rationalization schemes which would in- 
crease irrigation efficiencies and crop yields. 
For irrigation, the Bonn Conference recommended the following specific 
research needs: 
a> Improved design criteria for new or renovated irrigation projects 
whether for gravity sprinkler or drip irrigation methods. Require- 
ments will vary considerably depending on soil characteristics. 
9 Methods to attract and retain farmer participation in land consoli- 
dation and/or drainage projects under differing social and soil 
conditions. 
C> Development of improved national, regional and local mechanisms for 
development and maintenance of irrigation schemes. 
6. Low chemical input farming systems. Four studies placed special em- 
phasis on developing or adapting farming systems that use lower levels of fer- 
tilizer inputs than previously considered (Table 6). This approach is in 
response to the challenges posed by the i973 energy crisis and has been ailu- 
ded to in prior portions of this report. Sanchez and Salinas (1981) have re- 
viewed this subject and their conclusions are summarized in the subsequent 
paragraphs. 
a> 
b) 
C) 
d) 
e) 
f > 
Select lands dominated by nearly level, well drained Oxisols or 
Ultisols without steep slopes and identify the major soil con- 
straints encountered. 
Select species and varieties of annual crops, pastures or tree 
crops that can tolerate a reasonable degree of Al toxicity, low 
available P levels and/or Mn toxicity, as being well adapted to 
climatic, insect and disease stresses. 
Land clearing methods in rainforests that include burn7ing in 
order to take advantage of the fertilizer value of the ash, 
minimjze soil compaction and permit the rapid establishment 
of a crop or pasture canopy to decrease erosion hazards. Land 
clearing methods in the savannas are less complicated but should 
also aim at the quick establishment of a plant canopy. 
Low cost pasture establishment techniques should include the 
introduction of improved species into native savanna, its grad- 
ual replacement, low density seeding methods and crop-pasture 
relay intercropping. Pasture maintenance techniques must con- 
sider the frequency of fertilizer applications. 
Further soil cover protection can be obtained by mulching annual 
crops,'although the results are not always positive. Intercrop- 
ping and agroforestry combinations are poorly characterized and . 
quantified. 
Soil acidity constraints can be attenuated without massive lime 
applications by 1) the use of plant species and varieties toler- 
ant to aluminum and manganese toxicities, 2) low rates of lime to 
satisfy the Ca and Mg requirements of plants, 3) lime to decrease 
A7 saturation below toxic levels, if needed, and 4) promote the 
downward movement of Ca and Mg into the subsoil. 
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1) determining the most appropriate combination of rates and 
p.lacement methods that enhance initial anti residual effects, 
2) improve soil fertility evaluation methods for making fer- 
tilizer recommendations, 3) use low cost soub-ces, such as phos- 
phate rock, 4) select species and varieties that grow we17 at 
1 ower level s of available soil phosphorus, and 5) explore the 
practical possibjlities of ;xyi;a,rrhi:za 1 inoculation to increase 
phosphorus uptake by plants. 
h) The main lcw input technologies tc mana.ge lox native soil fer- 
tility center on 1) the maximum use of nitrogen fixation by 
legumes using acid-tolerant rhizobia: 2) increasing the effi- 
ciency of nitrogen and potassium fertilization, 3) identifying 
and correcting sulfur and micronutrient deficiencies, and 
4) promoting nutrfent recycling. 
6. Technology Transfer Needs 
Although the seven sttidies described in Table 6 were oriented primarily 
toward research priorities and the participants were mostly research scien- 
tists, major emphasis was given to the need of strengthening the technology 
transfer processes in all of them and the ones predicted as output of the 
proposed research components. Major importance is attached to four priority 
components. 
1. Validation and adaptation of research results. Regardless of whether 
research was conducted at experiment stations or in farmer fields, the ensuing 
technology needs to be validated and if judged promising, adapted to local 
conditions. Major emphasis should be given to characterizing the differences 
in soil, climatic and socioeconomic constraints between the place where tech- 
nology originated to where it will be validated. Soil characterization and 
its interpretation in agronomic terms is considered the cornerstone for the 
succes'sful transfer of plant nutrition and soil management technology. In 
effect this is the "bottom line" of all the research priorities. Technology 
validation is considered the responsibility of the national institutions. 
2. Training. The training of soil and plant nutrition specialists at 
levels ranging from technicians formulating fertilizer recommendations or man- 
aging irrigation systems to sophisticated research scientists is considered of 
high priority by most study groups. There are considerable numbers of soil 
scientists scattered throughout the tropics but most of them are not as pro- 
ductive as they should be. Part of the reason is that they are not trained in 
the techniques for relevant research programs. Formal university training is 
often very specialized with the scientists calling themselves pedologists, soil 
physicists, scil chemists, soil microbiologists, soil fertility specialists and 
plant physiologists. There is a need for a broader appreciation of the manage- 
ment of soils and plant nutrients under tropical conditions. This constraint 
has been somewhat aileviated by formal graduate training offered at some univer- 
sities on soil management in the tropics, often with an opportunity to conduct 
the thesis research under tropical conditions. Working as part of a multidis- 
ciplinary team helps tremendously. Training, therefore, should aim at giving 
scientists and technicians a broad appreciation of the main research constraints, 
identified in this chapter as well as to gain in-depth experience in cne par- 
ticular area. 
4 
“Lion, it deserves exqhas-is here, as the key to increased p'jant rw*Lrl;tiCn zf- 
fectiveness '= ,Jgejy jjcls y,!-;th the ac,ceptarJce $7 apprqJrja+ -53-t;; jzz;- a:;d 
other agronomic recommendations by farmers. in imost desei opi cg countr-i es ) 
sojj FQb.+- "I <L,, 1 LI bl I I LJ e;la'iuation SL‘ orvices need considerable strengthening in order 
to provide this function in a technically correct and time?y fasGon. Many 
efforts are presently limited to persuading farmers to use fertilizers fey 
the first time. Emphasis must be giver! to optimizing the return of fertilizer 
i nvestrdent. Fertilizer response trials must be performed in well-character- 
ized soils in order to establish the limits of extrapoiating this information. 
Soil fertility specialists need to include risk analysis in add'tion to the 
usual cursory economic interpretation of yield response data. Fertilizer rec- 
ommendations must then be coordinated with the availability of supplies. It 
should be emphasized that fertilizer companies, either private or governmental, 
have played a vital role in promoting fertilizer use and making recommendations 
to farmers, as a means for filling the gap of ineffective fertility evaluation 
services. The natural bias toward the companies' marketing interest, however, 
often lessens objectivity in their recommendations. 
4. Information services. The need for an efficient way of exhanging soil- 
plant nutrition information throughout the developing world is wide7y recog- 
nized. Communication of research results is often hampered by the different 
nomenclature and laboratory procedures used. Of equal importance is the lack 
of straightforward documentation services such as those developed for specific 
commodities by several international centers. 
data base accompanied by abstracting services, 
The developing of a computerized 
newsletters, working groups and 
conferences is also considered a high priority item. 
H. Towards a Systematic Approach for Plant Nutrition Research 
The 32 research components interact with each other and also carry various 
degrees of relevance for different agroecological zones of the developing world. 
Nevertheless, a general theme underlies most of them, which could be called a 
fertilizer management strategy. 
For a specific agroecologica? region, knowledge base of soil properties 
and plant nutrition constraints is needed. There is little value in conducting 
expensive fertilizer trials if little is known about the properties of the soil. 
Plant nutritional constraints do not necessarily have to be reso'lved by the ap- 
plication-of fertilizers and amendments; varieties and species that are tolerant 
to various soil stresses can now be used. Their use would decrease but not 
eliminate the need .for ferti'lizer inputs, thereby increasing the efficiency of 
such inputs. More attention needs to be given to the different sources of nutri- 
tional inputs such as organic manures, crop residues, BNF and their interactions 
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Vi. SUGGESTED RESEARCH FPAblEWORK 
A. Rationale for the Agroecological Zone Approach 
The py-pvjogs c]:a~‘ie~p descyjbes the prj nl:jpal r.~seay-ch ;q:zsrjs y-21 cltyj t,: 
plant nutrition arising from the consensus of a larue number of scientists who 
were involved in the seven studies. The 32 research componeni;s were not 
weighed in terms of their relative importance, potential impact, magnitude of 
effort or other criteria. This chapter attempts to provide c:ch an e~alcatien, 
drawing heavily from the conch usicns of the three studies cot?ducted in 1979 
as weil as additional information gathered by the authors of this c7epor-t. 
There are mdiiy ways of ranking priorit ies. and they are ail essentially 
j udgmenta 1 . The most direct approach would be to rank the 32 individua? corn-- 
ponents according to several criteria. The obvious limitation of this ap- 
proach is that most of the components interact with others and it is difficult 
to assess their potential impact as discrete entities. The Soi? Constraints, 
North Carolina and Bonn studies decided to arrange the priorities by agroeco- 
logical zones in recognition that priorities differ in major regions of the 
developing world, although many are important to all regions. The agroecolog- 
ical zones were defined in broad terms to distinguish major regions of the 
developing world with similar kinds of soil and plant nutrition constraints, 
although the degree of manifestation of such constraints varies considerably 
within an agroecological zone. Thirteen agroecological zones were identified 
by the North Carolina study to cover the developing world, both tropical and 
temperate (NCSU, 1979). The following cr iteria were developed and used in that 
study to identify the priority agroecological zones: 
1. 
2. 
3.. 
4. 
i: 
7. 
;: 
10. 
11. 
12. 
Relevance to the overall goal (increased agricultural production 
while conserving the natural resource base). 
Direct benefits to rural and urban poor. 
Amount of land in the agroecological zone. 
Population presently in the zone. 
Population the zone can potentially support. 
Present poverty level (the inverse of the gross national product). 
Need for research. 
Availability of potential collaborators. 
Technical feasibility of research. 
Socioeconomic feasibility. 
Ongoing development projects. 
Logistical problems involved. 
Five priority agroecological zones were identified by the North Carolina study, 
several of which are amalgamations of the original thirteen. The Bonn study 
adopted these results, modified and expanded them. In effect, the three 1979 
studies built on each other, with the ideas and framework gathering sharper 
focus. 
Without resting importance to other parts of the developing world, these 
studies suggest that research on soil constraints and plant nutrition be con- 
centrated .on five priority agroecological zones: The humid tropics, acid 
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The fol 1 owi “3 s??ctisns di’scuss each of tk five ag:Poeco’ cg j ca 1 z3nc?s, 
indicating the priority ranking of each of the 32 research and development 
ccmponents (Table 71, Table 8 ranks the agroecological zones as a whole and 
Table 9 the main research components in terms of SIX criteria developed by 
the Bonn Conference soil panel report (Bentley, 1973): 
1. 
2. 
3. 
4. 
5. 
6. 
Impact in the shcrt-term, reflecting low, medium or high proba- 
l5Tity thatX5~7Etresul t s can be produced and translated in";0 
applicable techr~)logy in a period of less than 10 years. 
Impact in the long-term. Same as above but considering a time 
span of 'IO to 20 years. 
Magnitude of cost only provides re?ative order of magnitude and 
needs further qualification in terms of the number of research 
units envisaged, staff and equipment, geographical spread and 
other factors. 
Ease of transfer outlines the expected pace of technology transfer 
considering primarily socioeconomic constraints. 
Payoff estimates the returns of research in terms of improving 
agricultural production and/or the protection of the resource 
base. 
Existing capabilities outline the present degree of capability and 
competence -in a particular area by national and international re- 
search institution in a general way. 
It should be emphasized that the order of discussion of the agroecological 
zones does not imply a priority ranking among them. 
C. The Humid Tropics 
The humid tropics comprise the portion of the world with relatively con- 
stant temperatures and no more than a three-month consecutive period where 
evaporation exceeds precipitation, The humid trcpics cover approximately 
1500 million hectares. The geographical extent is shown in Figure 1. Many 
of these fragile but potentially very productive ecosystems are presently 
under shifting cultivation and are experiencing large settlement attempts. 
Together with acid savannas, this is where much of the 200 million hectares 
of new lands needs to be cleared during the remainder of this century (FAO, 
19!9b). 
_ _ _-- ,e”..-..* --- /--;“r 
_I ---- \ , L.” ,) . -y----“- ------?-- -’ & 
Figure 1. Location of the five priority agro- 
ecological zones (from NCSU, 1979). 
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There is reasonably good knowledge on how to produce perennial export 
crops in the humid tropics, but very little on how to do likewise for annual 
crops and pastures. Continuous annual crop production on tropical Oxisols 
and Ultisols has been attempted for decades. After a classic failure of try- 
ing to transplant temperate region hi'gn energy techno'loyy 'rt what is now 
Zaire in the 1930's, progress has been virtua'lly limited to small areas with 
ample available capital for export crops. Systematic research toward develop- 
ing realistic soil management practices for food production in tropical Ulti- 
sols and' Oxisols is underway at a few locations with significant international 
SU&lOf-t. &here present popiulation densities are low, national governments do 
not feel the immediate political pressures to develop their rrnew" lands until 
it is too late. Crash programs or forced colonization projects without a 
sound agronomic bas e are then launched and usually fail. 
These attempts are now proceeding at an unprecedented rate in many parts 
of the humid tropics. Significant proportions of the Amazon basin are being 
. rapidly settled, as new road networks or petroleum drilling operations attract 
people from crowded areas of the Andes and >Jortheast Brazil. Peru and Ecuador 
are probably experiencing the greatest pressures, as well as certain parts of 
Brazil. The Indonesia Transmigration program is shifting about 2.5 million 
people from overcrowded Java and Bali to Sumatra, Kalimantan and other islands. 
This rapid growth has caused major worldwide ecological concerns about 
deforestation in the humid tropics. Many of these concerns have no scien- 
tific base, e.g., worldwide oxygen depletion, increases in C02, transformation 
of the soil into laterite, or into a desert. Nevertheless, it is most unwise 
to destroy natural ecosystems and replace them with unstabie, unproductive 
farming systems. There are real dangers of soil erosion, changes in the hydro- 
logical cycle and others if this happens in a large proportion of the humid 
tropics. This problem cannot be solved by decrees even if strongly enforced 
by governments. Land-hungry people will go to empty areas. The development 
of a set of practices of make these acid infertile soils productive on an eco- 
nomically and ecologically sound basis is critically needed in order to assure 
that each hectare of land that is cleared remains productive. Given the low 
native fertility of most humid tropical soils, proper plant nutrition technology 
is an essential prerequisite for achieving the above goal. 
Table 7 shows that 16 out of 32 research components are high priority in 
the humid tropics: 
1. 
2. 
;: 
5. 
76: 
a. 
lo': 
il. 
Soil characterization and classification 
Soil classification for plant nutrition 
Soil fertility evaluation 
Selecting germplasm tolerant to soil stresses 
Management of soil acidity 
Nitrogen fertilizer efficiency 
Phosphorus fertilizer management 
Biological N fixation 
Land clearing methods 
Sustained production systems in Oxisols and Ultisois (involving 
annual crops, grass/legume pastures, and tree crops) 
Agroforestry (combinations of the above) 
Table 7. Priority rankings of research components by agroecological zones (0 = none, 1 = lwr 2 = medium, 
3 = high I 
Humid Semi-arid Acid 
Research and Development Components Tropics Tropics Savannas Wetlands Steeplands 
A. RESOURCE APPRAISAL 
1. Soil characterization and classification 3 3 3 
2. Soil classification for plant nutrition 3 3 3” 3 
3. Soil fertility evaluation ; 3 3 
4. Fertilizer marketing, distribution and use 2 2” 
5. Fertilizer manufacturing technology 2 : 2 2 
B. STRESS FACTORS 
1. Selection of germplasm tolerant to soil stress 3 3 
2. Management of soil acidity 3 : 3” 0 
3. Salinity 0 2 0 2 
C. NUTRITIONAL CONSTRAINTS 
1. Nitrogen fertilizer efficiency 3 
2. Phosphorus fertilizer management 3 
1’ ‘3 3 
0 
3. Potassium and nutrient balance 2 1 I 
4. Sulfur 2 5 2 
5. Micronutrients 2 
! 
3 2 
D. BIOLOGICAL CONSTRAINTS 
1. Biological nitrogen fixation (BNF) 3 3 2 Organ  residue utilization 2 1” r” 
3. Photosynthetic efficiency 1 : 1 
4. Rhizosphere effects 1 ; 1 
5. Basic stress physiology and geneti'cs 1 
; 
1 1 
E. PHYSICAL SOIL CONSTRAINTS 
1. Water management in rainfed system 1 
2. Erosion prevention and control 2 
i 2 0 
2 0 
3. Mechanical impedance 2 
4. Land clearing methods 3 : 
1 0 
1 0 
2 
1 
0 
- - - -  - - I I  --.--_- - I  
Table 7 (Continued). 
- 
-II_- I ..--_ --------- _---.--. -_ --. 
Humid Semiarid Acid 
Research and Development Components Tropics Tropics Savannas Wet‘lands Steep1 ands 
-__c-I_I__ ---.-.-I --- l_-.-- 
F. IMPROVED FARMING SYSTEMS 
1. Sustained production in Oxisols/Ultisols 3 0 3 0 0 2. Multiple cropping . 2 2 
1 
r\ 
1 3 3. Agroforestry 3 3 I. 0 ,.. i 
4. Intensive fertilization of high value 0 0 0 0 ;It 
5. Management of irrigated farming 
crops 
systems 0 1 0 0 . . . 1 
6. Low input farming systems 3 3 3 3 '4 .A 
G. TECHNOLOGY TRANSFER 
1. Validation and adaptation of research results 3 3 3 3 3 
2. Training 3 3 3 2 3 
3. Developing fertilizer recommendations 3 3 2 2 
4. Information services 3 3" 3 3 3 
------- -.- 
Table Ei, j )“;?,djcafes the pyojer,t& efforts 0-f thes2 2nd ntl:.cy res.zay-,h co;:- 
ponents and Taeie 2 sug,;drjZes tile frar;e\qc,rk foi* tile iiui.,ijd t;-r;pjcs. Ti;e -f;i- 
lowing summary -is adapted from Bentley (198C): Achievements applicable tc food 
production on farms during the next ten years are expected to be moderate due 
to the magnituda and corr,plexity of this enormous task. Successful farming svs- 
terns, howevEr) a;"e expected to have a large impact in the 1990's and beycnd.d 
The cost of an integrated research Frogram is large, particularly because of 
the logistical problems involved. The ease of transfer of a successful tech- 
nology, once it is practically developed, is high. The expected long-term pay- 
off is expected to be very high, since this program is the cornerstone for de- 
veloping new lands for cultivation in the tropics --and for preventing resource 
and environmental damages rtihich, in light of current knowledge and capabilities, 
should not be permitted to occur. 
il. The Semiarid Tropics 
The semiarid tropics are characterized by a protracted dry season of six 
to nine months duration. This ecological zone totals about 2100 million hec- 
tares in Africa, Asia and the Americas (Figure 1) and more than 550 million 
people live in such areas (Kampen and Burford, 1980). Many of them however, 
depend-on irrigated areas for their food supplies. Because of the generally 
inadequate rainfall, its erratic distribution and high7y variable amount, the 
reliability and levels of crop yields are exceedingly uncertain in such regions. 
A large proportion of the people in the semiarid areas of the tropics have a 
very precarious and uncertain life. The hazards of drought and of occasional 
intense rainstorms are frequently very damaging. 
Because of the exceedingly variable precipitation and growing conditions, 
agricultural research in rainfed semiarid tropical areas with crops is espe- 
cially difficult and has traditionally been meager in relation to the land 
area, numbers of people and agricultural production. Irrigation, where prac- 
tical, is practiced extensively in India, but is frequently affected by secon- 
dary salinity and drainage problems as well as by uncertainties and variations 
in water supply. There has therefore, been a scarcity of improved agricultural 
methods arising from the research for rainfed lands. It is, therefore, under- 
standable that yields in the semiarid tropics have been rather static, even 
declining in some areas, due to impairment of land under the farming systems 
and practices being employed. 
Table 8. Expected short and long term impact, relative magnitude of costs, ease of transfer and existing 
capabilities for research components in the relevant agroecological zones that rank high or 
medium priority (1 = low; 2 = medium; 3 = high). 
Research Component 
.l.~-- -------pII I_L--- 
. Relevant Im act over Magnitude Ease 
3i-ih-G~ of of Existing 
WL STP term tern1 cost trar)sfcr Pay-off cap;xi‘j j '1 i ty 
- yL-ye----" .l-lll__. -1 
RESOURCE APPRAISAL 
Soil characterization 
Classification for plantnutrition 
Fertility evaluation 
Fertilizer marketing and use 
Fertilizer manufacturing tech. 
STRESS FACTORS 
Selecting tolerant germplasm 
Management of soil acidity 
Salinity 
NUTRITIONAL CONSTRAINTS 
N fertilizer efficiency 
P fertilizer efficiency 
;u;;irnutrient balance 
Micronutrients 
BIOLOGICAL CONSTRAINTS 
Biological N fixation 
Organic residue utilization 
PHYSICAL CONSTRAINTS 
Water mgmt. in rainfed system 
Erosion prevention and control 
.Mechanical impedance 
Land clearing 
X 
X 
X 
X 
X 
i 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
; 
X 
X 
X 
X 
X 
X 
X 
; 
x" 
II 
ii 
i 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
i 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
3 
3 
1 
2 
: 
3 
2 
1 
2 
Table 8 (Continued). 
Research Component 
l__ll__--- 
Relevant Impact over Magnitude Ease 
agro,ecological zone Short Long of Of 
HT SAT AS WL SSF term 
Exist,ing 
term cost transfer Pay-off capabil i ty 
-.-I_-l---X--I_-.~."----L^I^- 
IMPROVED FARMING SYSTEMS 
Sustained prod. in Oxisols/Ult. 
Multiple cropping 
Agroforestry 
Low input systems 
TECHNOLOGY TRANSFER 
Validation/adaptation of research 
Training 
Fertilization recommendations 
Information services 
x” x 
X 
; x 
x x 
X 
i x 
x x 
X 
X 
X 
x x x 
x x 
ii xx 
x x x 
x x x 
; 3 3 
2 2 
2 2 2 
2 5 3 
3 3 
2 3 
2 3 
2 3 
Adapted from the Bonn Soils Panel draft report for 15 components. The rest provided by the authors. E 
Table 9. Expected short and long term impact, relative magnitude of costs ease of trawfw &nd existing 
capabilities for priority research by agroecological zone (1 - low; 2 = moderate; 3 - high). 
Agroecologi cal Zone 
- - 
_l_l_--ll-.-.---.... 
Impact 
Long 
Magnitude Ease 
Short of 0-f Exi 3 ti ng 
term term cost Transfer Pay off cdpabjlity 
-. __-.,---_ll _-I_I__._I- 
Humid tropics 2 3 3 3 3 1 
Semiarid tropics 
Acid savannas 
Wetlands 
Steeplands 
2 3 2 
3 3 2 3 3 2 
2 3 2 2 3 2 
1 3 3 2 3 1 
Adapted and expanded from the Bonn Conference Soil Panels draft report (unpublished). 
Table 7 ident;'fies 12 research ccmi;onents considered 
for the semiarid tropics: 
of high priority 
:: 
Soil characterization and class:fication 
Classification for plant nutrition 
3. Soil fertility evaluation 
4. Biological N fixation 
5. 
;: 
8. 
9. 
I: 
1.2. 
Water management in rainfed systems, including water harvesting 
Erosion prevention and control 
Mechanical impedance (principally surface crusting or capping) 
Agroforestry (including both pastures and trees) 
Low input farming systems 
Validation and adaptation of research results 
Training 
Information services 
In addition, the following research components were considered of medium pri- 
ority: Fertilizer marketing, selection of germplasm tolerant to soil stress, 
salinity, organic residue utilization, multiple cropping and developing fer- 
tilizer recommendations. 
Table 9 indicates that short-term results of soil and water research for 
the semiarid tropics are expected to be moderately good and that long-term 
prospects will be high. Anticipated costs of needed research are moderate and 
ease of transfer of proven technology is expected to be high. Results in terms 
of increased yields should be high. The capability of national institutes to 
do the needed research is moderately good if there is adequate support and en- 
couragement from both internal and external sources. Considerable capability 
gaps exist between the semiarid tropics of Asia as compared to those of Africa 
and Latin America. 
E. The Acid Savannas 
This agroecological zone composes the portion of the tropics with a strong 
dry season of four to six months duration, savanna vegetation and predominantly 
acid soils of the orders Oxisol and Ultisol. Figure 1 shows that the main ex- 
tensions are in tropical America, particularly the Cerrado of Brazil and the 
Llanos of Colombia and Venezuela. Acid savanna regions also occur in Central 
Africa and Southeast Asia. The vast areas Gf acid SaKinms,, aiimg Nfth the 
humid tropics is wherry agricultarai land exparls40~: :x~-ing xi-re r~exr, 221 :yes7-s 
is expected ta occu% (FAD, 137%). k-cause of 7ess inf'i-ash-uctw-e ~?3ElF?3S 
.the acid savannas of tropical America are be4mg developed at a faster rate 
than the humid tropics. Cattle production systems are the priricipal activity 
but annual crop and crcp/pasture successions are becoming increasing?y impor- 
tant as the population frontier moves inland; Re,cent revie:qs by Sanchez and 
Tergas (1979) and Marchetti and i4achado (1980) SLiT,*;ar"~ 1-~ '-7~ onyoi~~ research. 
This rapid development is often not accompanied b,y proper soil and piabic Tiil- 
trition technology which frequently results in crop failures, poor pasture 
persistence and soil erosion. 
Table 7 identifies 15 research components considered of high pricrity 
for the acid savannas: 
7. 
2. 
;: 
;: 
;: 
9. 
70. 
il. 
1':: 
14. 
15. 
Soil characterization and classification 
Soii classification for plant nutrition 
Soil fertility evaluation 
Selecting germpl am tolerant to soil stress 
Management of soil acidity 
Phosphorus fertilizer management 
Sulfur 
Micronutrients 
Biological N fixation 
Sustained production in Oxisols/Ultisols 
Low input farming systems (both crops and pastures) 
Validation and adaptation of research results 
Training 
Developing fertilizer recommendations 
Information services 
Moderately high research priorities also include fertilizer marketing, 
fertilizer manufacturing technology (particularly rock phosphate modifica- 
tions), N fertilizer efficiency, potassium and nutrient balance, water man- 
agement in rainfed systems , and erosion prevention and control. 
The acid savannas combine the fertility limitations of the humid tropics 
with a moisture stress of less intensity than in the semiarid tropics. The 
interaction of both factors as well as socioeconomic ones generally show more 
promise of rapid success in the acid savannas than in the other two agroeco- 
logical zones. Table 9 ther.efore, shows a high expected impact on both short- 
and long-term, a moderate magnitude of cost, high ease of transfer and moder- 
ate existing institutional capabilities. 
F. The Wetlands 
The wetlands compose that part of the tropics with poor drainage and/or 
devoted to flooded rice cultivation. The great majority of rice farmers, 90% 
of whom live in the wetlands of Asia, cultivate farms of less than three hec- 
tares. There is little land that can be brought under rice cultivation that 
does not have severe soil constraints (IRRI, 1980). Thus, to increase food 
production in the wetlands it is necessary to increase the yields of rice and 
other crops grown in these small farms, increase the number of crops taken 
62 
each year or solve constraints on the marginal soils. In Africa and Latin 
America? there is considerable potential for ,expanding rice cultivation in 
underutiiized wetlands (Moormann and Greenland, 1980). 
In the past, most atte ntion has been given to increasing the yields per 
hectare, and work on this aspect must continue. Rowever, another avenue to 
increased production, increasing the number of crops grown each year, has 
been inadequately developed and offers th e advantage that the risk factor in 
relation to production inputs is usually less. Furthermore, this avenue to 
additional production often increases the period of time per year over which 
the farmer and his family are gainfully employed. Moreover, the need for 
external inputs such as to increase total production per year fs less than 
would be required if the samL Q increase were obtained by boosting yields per 
crop. 
Diversified research and experimentation are needed to increase food pro- 
duction from ricelands. Cropping systems are highly environment specific. 
Thus, if studies on cropping systems are to be widely appficable to small far- 
mers throughout Asia and other parts of th, Q world, research has to be done on 
a wide range of sites, and mainly at farmer fields. Considerable progress has 
already been made in relation to the dry seeding of rice to ensure that rice 
will germinate with the initial rains and mature at the earliest possible date. 
Substantial improvements have also been made in the yield potential and length 
of time required for new rice varieties to attain maturity. Another important 
factor is the selection of rice varieties which enable a ratoon crop to be ob- 
tained. The production of a ratoon crop involves a minimum of inputs and will 
often result in additional yields of 1 to 2 tons per hectare. 
Table 7 identifies eight high priority research components for the 
wetlands: 
1. Soil characterization and classification, particularly to properly 
characterize farming systems research sites. 
2. Soil classification for plant nutrition constraints. 
3. Selection of germplasm tolerant to soil stress. 
4. Nitrogen fertilizer efficiency. 
5. Biological N fixation. 
6. Low input farming systems (emphasis on rainfed lowland and 
upland rice). 
7. Technology validation and adaptation of research results. 
8. Information servies'. 
In addition, other important medium priority considerations include soil 
fertility eva?uation, fertilizer marketing, fertilizer manufacturing technology 
(primarily slow release N sources), management of coastal saline soils, sulfur, 
micronutrients, training and developing fertilizer recomendations. 
-., :.s L&,rge areas of &!>s2jy psp;~jated regions 0-F ti;e trspjcs ;il$ 3L,I_J~,y*~~~f,:;~ 
cccur on hilly terrajn where population pressures al'2 c-usy,yg $aj^~SjQr; tc >z 
a major concern. Fayners origi)~jdljy s&tl$ad jr1 Lhese ar2s.s brcduse of 3 
generally high nat?;ve fertility status, and's more favor-able climate thai~ t& 
adjacent lowlands. Population growth has fragmented the land in many small 
patches and farmers often carry crop intensification too far, resulting in 
widesprea d soil erosion. 0fts-n the more fertile alluvia! valleys are under 
the control of large landowners or other kinds OF farm enterprises, while 
the small farmers are stuck with the steep areas. Examples of the steeplands 
are found throughout the Andean chain from Mexico to Bolivia, in parts of the 
Caribbean, the mountainous areas of tropical Africa, the Himalayan foothills, 
the hill country of Southeast Asia and adjacent islands not devoted to ter- 
raced irrigated rice production. Figure 1 shows some of the main locations. 
Table 7 identifies 12 research components as top priority for the steep- 
lands: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
a. 
9. 
F: 
12. 
Soil characterization and classification 
Classification for plant nutrition 
Soil fertility evaluation 
Biological N fixation 
Water management in rainfed systems 
Erosion prevention and control (the overriding concern) 
Multiple cropping (aiming at year-round soil cover) 
Agroforestry 
Low input farming systems 
Validation and adaptation of research results 
Training 
Information services 
In addition, fertilizer marketing, germplasm tolerance to soil stresses, phos- 
phorus fertilizer management, sulfur, micronutrients, organic residue utili- 
zation, mechanical impedance, land clearing methods and developing fertilizer 
recommendations are areas of medium priority. 
Unlike the other zones where systematic efforts are being made to alle- 
viate soil and plant nutrition constraints, no such approach has been focused 
on steepland areas. There is also no recognized center of excellence for 
soil-plant nutrition research in this agroecological zone. In addition, the 
operational aspects of carrying out the proposed research are quite compli- 
cated and costly. Effective solutions have to involve watershed studies, in- 
cluding both erosional and depositional landscape positions. Civil engineer- 
ing and socioeconomic considerations weigh heavily. 
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All these considerations indicate a low probability of .impact in the 
short run but a high impact i:: the long term. The m2gnitude of the cost is 
high because of the watershed dimensions and the extreme variability in soi?s 
and microclimates encountered in steepland regions. The ease of transfer rs 
moderate, again because of the variability. The payoff however, is envisioned 
as high, perhaps no t in terms of making large contributions to world food pro- 
.duction but in preventing the deterioration of the land resource base and sub- 
sequent social upheavals. The low rating for existing capabilities underscores 
the necessjty fo r training and developing research programs With the components 
that have been outlined. 
t I r,. General Considerations - 
The preceeding sections show some research components that rat.e either 
high or medium priority for all agroecological zones. Table 8 shows that 
these 10 components are also considered to have high possibility of payoff. 
The 10 components relate primarily to resource appraisal aspects (soil char- 
acterization, classification for plant nutrition, soil fertilsty evaluation) 
and technology transfer (validation, training, fertilizer recommendations and 
information services). Only selecting plants for soil stress tolerance and 
biological N fixation fit outside of these aspects. These components are 
probably very important in the remaining agroecological zones of the develop- 
ing world as well. Consequently, efforts in these aspects as suggested in 
this report could also benefit other agroecoiogical zones. 
Tables 7, 8 and 9 also show that spiral research components do not rate 
high in the context of an agroecological zone approach; examples are photosyn- 
thetic efficiency, rhizosphere effects and basic aspects of stress physiology 
and genetics. These components were identified by the earl!'er studies which 
had more influence from scientists based in the developed countries. The 
FAO, Soil Constraints, North Carolina and Bonn studies were focused towards 
the developing countries as opposed to the first three which had a worldwide 
focus.. The writers of this report acknowledge the importance and potential 
contribution of these issues but are of the opinion that the main.responsi- 
bility for carrying them out resides in the more sophisticated research labor- 
atories of the world. 
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Varfoas institutions have major i n\rol vememt in pl ant ilutri tiol; research 
in developing countries. Table 20 attempts to summarize the magnitui2 of in- 
YOl vement. &j.& i ‘&J bAi\e-t/ _ ,;)fis 9 m.st portion:; 0-F the r& 3;” rbpse;ych cJ;c~f~n:~n~,s nvr.anf,’ 
cited in the previous chapter are being addressEd bj/ IARCs, otkr international 
institutes, developed country institutions and national research systems. It 
is not within the purview of this chapter to detail what is being done in each 
of the major research areas by al i .i’nvoi ved nationa:, t;j’T at.erz? aEd ‘nter~- 
‘ii onal organi zat-ions . If this were attempted, most 1 ikely some important cori- 
tributors would be inadvertently omitted. Rather, this chapter will briefly 
review the major soil-plant nutri.tion research activities of selected IARCs, 
other selected international organizations, developed country institutes and 
national institutions as exampfes of ongoing work. Linkages with other insti- 
tutes, although implicit, are not mentioned. 
A. CG IN? Sys tern 
1. IRRI. IRRI has major involvement in the chemistry of flooded rice 
soils, plant nutrition-soil fertility aspects of rice production, evaluating 
rice tolerance to adverse soil conditions, increasing N fertilizer efficien- 
cies through the INSFERR network, intensifying cropping in upland and rainfed 
areas via multiple cropping, evaluating biolotical N fixation by Azolla for 
rice production, validation/adaptation of research, degree and nowee 
training in soil-plant nutrition as related to rice. 
2. CIAT. The objective of CIAT activities has centered on tropical pas- 
tures, beans and cassava, and rice, primarily in Latin America. Emphasis is 
given to acid savannas and steepland areas. A factor-oriented program, land 
resource evaluation cuts across commodity lines. CIAT's major involvement 
in plant nutrition-related research activities includes ?and resource evalua- 
tion, selecting germplasm toler.ance to acid soil stresses, management of soil 
acidity, improving 2 fertilizer efficiency, symbiotic biological N fixation, 
sustained production in Oxisols/Ultisols, low input systems, validation/adap- 
tation of research, and non-degree and degree training. 
3. IITA. In order to address its primary objective of improving the 
quality and quantity of food crops in the lowland humid tropics, IITA has 
major research activities on soil characterization, selecting tolerant germ- 
plasm of cassava, yams, grain legumes and cereal grains, erosion prevention 
and contrcl, mechanical impedance, land clearing, sustained production in 
Oxisols/Ultisols, multiple cropping,. validation/adaptation of research, and 
non-degree and degree training. BNF is also addressed. IITA's research con- 
centrates in Africa. 
4. ICRISAT. The mandate of ICRISAT is to improve farming systems and 
water management in the semiarid tropics. It also has primary responsibility 
for sorghum, pearl millet, pigeon peas, chickpeas and groundnuts. Its major 
involvement in soil-plant nutrition related research includes selecting tol- 
erant germplasm, biological nitrogen fixation, water management in rainfed 
systems, mechanical impedance, multiple cropping, validation/adaptation of 
research, and non-degree and degree training. It is also involved in soil 
characterization. 
A. 
B. 
c. 
D. 
RESOURCE APPRAISAL 
1. 
2. 
3. 
4. 
5. 
Soil characterization and 
cfassification 2 4 3 2 3 3 
Soil classification for 
plant nutrition 1 2 4 1 .I 0 
Soil fertility evaluation 2 3 4 2 3 1 
Fertilizer supplies, price, 
distribution and use 4 5 3 3 3 3 
Fertilizer manufacturing 
technology 0 5 0 2 2 1 
STRESS FACTORS 
1. Selection of germplasm 
tolerant to soil stresses 3 2 4 3 3 1 
2. Management of soil acidity 4 2 4 1 3 1 
3. Salinity 2 3 3 3 3 3 
NUTRITIONAL GMTRAINTS 
1. 
2. 
3. 
4. 
5. 
Nitrogen fertilizer 
efficiency 5 5 4 .4 .3 3 
Phosphorus fertilizer 
management 4 4 4 3 4 2 
Potassium and nutrient 
balance 3 3 3 2 2 1 
Sulfur 2 3 3 3 3 2 
Micronutrients 2 3 3 3 3 2 
BIOLOGICAL CONSTRAINTS 
1. Biological nitrogen 
fixation (BNF) 5 0 5 4 4 1 
2. Organic residue utilization 2 2 1 4 1 2 
? ". Photosynthetic efficiency 1 1 4 0 0 0 
4. Rhizosphere effects 2 0 3 0 0 0 
. 5. Basic stress physiology 
and genetics 4 0 5 1 1 0 
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2. Erosion prevention 
and control 4 2 2 3 3. 3 
3. Mechanical impedance 4 2 3 2 2 3 
4. Land clearing mefhsds 4 0 4 1 3 1 
F. IMPROVED FARFIING SYSTEMS 
1. Sustained production in 
Oxisols/Ultisols 4 2 '5 1 3 0 
2. Multiple cropping 4 2 3 3 3 3 
3. A roforestrj 1 2 2 1 1 1 
4. Intensive fertilization 
of high value crops 2 1 2 3 3 3 
5. Management of irrigated 
farming systems in arid 
areas 1 2 2 3 3 1 
6. Low fertilizer input 
farming systems 2 1 4 - 3 3 3 
G. TECHNOLOGY TRANSFER 
1. Validation and adaptation 
of research results 4 3 3 2 2 1 
2. Training 4 4 4 3 3 2 
3. Developing fertilizer 
recommendations 3 4 4 3 3 3 
4. Information services 4 4 3 2 2 1 
*0 - None; 1 - Scattered or rudimentary efforts; 2 - Initial or systematic efforts 
by one or few institutions; 3 - Widespread.efforts by several institutions; 4 - 
One or few recognized leading institutions; 5 - Center of excellence and established 
network. 
major part of CiP's core program. 
production and range management systems 
component of ILCA's research activities 
progress. 
7. ILCA. The goal of ILCA is to increase anima! output through improved 
. Improved farming systems are a major 
* Little work in plant nutrition is in 
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6. CIP. T3 improve pbtatces in developing countries, CXP has centered 
an plant 
-- 
breed 4c,g and control of diseases and insect pests. CIP"s soil-plant 
fil;tv-j tjgn-y-ej 2 -t+i research focuses en selecting gcrmplss~m i;,%r? ~tvidely adapted 
to environmental stress, including for the humid tropics, a~! on training. 
L“y?!j !(e t,be t^Q!tr prevSocs centers, scil and plant t?utt-ition research is not 2 
8. ICARDA. ICARDA's mission is to help increa-se and stabilize food pro- 
duction indeveloping countries of the temperate zone with arid or semiarid 
climates. Its farming systems work is of relevance to soil-plant nutrition re- 
search, as well as the biological nitrogen fixation component of its lentil and 
broad bean programs. The soil, water and nutrient (SWAN) project of ICARDA is 
investigating moistwr, 0 and nutrient interactions in xeric environments. 
9. IFPRI. In making projections related to food production and needs of 
developing countries, IFPRI's fertilizer marketing projections are of relevance 
to soil-plant nutrition research. 
1Q. GIARDA. As part of its mandate to foster rice production in West Africa, 
WARDS is inved in soil fertility work. 
Plant nutrition research is not included in the activities of the three 
remaining CGIAR centers, ILRAD, IBPGR and ISNAR. 
B. Other International Organizations 
Although many organizations other than those following are involved in 
some plant nutrition research activities, those listed were chosen for their 
overaJ1 pertinence to this study. Recognized also are many funding agencies, 
such as World Bank, UNDP, the regional banks and the foundations, which support 
soil-plant-nutrition research executed by other organizations; however, these 
funding groups are not covered as the discussion centers on those performing 
the work. 
1. fA0. The World Soils Map attests FAO's importance and impact in soil 
character=tion. Other major relevant involvements by FAO are: Land resource 
evaluation. through agroecological zones, validation/adaptation of research, 
training, fertilizer recommendations and information services, including CARIS. 
. 
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2. IFDC. -_I_ ?he missim of IFDC is to beve!op approp~iata fz-rt'liz?r tech- 
nology and relate knots-how to susta.in arid incrS2ase food productjon in the de- 
veloping countries. Irl fulfilling that mfssion, IFgC's act-;bfi.t'cls p 1 T t I n C i7 t 
to thi s study are ferti 1 i zilr mafiufac-t;ur+. ug ttx;mol ogy, fc2yt-j 1 izey- mayj;etj ;;y 
and use, N fertifizer efficiency, P ferti'l izer efficiency, val idat!onjadapta- 
tion of research, and non-degree and degree trai ning . Agronomic research 
operaticns in c!eveloping countries are favitx~ primarily through IARCs. ,"lye 
details on IF3C are given in the fol'iol,h!inr,' chaoter. 
3. AYRDC. In its vegetable production Y,..~ *orearch, AYRDC is involved with 
selecting germplasm tolerant to adverse soil conditions. Training is an im- 
portant component of its programs. 
4. ICRAF. The agroforestry amI 'low inptit systems work fostered by ICRAF 
have partmr relevance to research needs identified by the current study. 
Cooperative work with various international, regional, developed country and 
national institutions is envisioned. 
5. IICA. This organization attempts to catalyze agricultural research 
aCtiVitie??i Latin America. Included in these are soil characterization, 
NPK fertilizer research, erosion prevention and control, validation/adaptation 
of research, and training. Cooperation is with FAO, developed country insti- 
tutes, international centers and virtually all national research institutions 
in Latin America. 
6. CATIE. The most relevant research work of Central American-based 
CATIE to soil-plant nutrition is its intensive multiple cropping program. 
Also relevant would be its non-degree and degree training program. Coopera- 
tion is with .several international, developed country and national institu- 
tions. 
7. ACSAD. The Arab Center for Semi-Arid Lands and Drylands cooperates 
closely wmCARDA's food production and farming systems research in arid and 
semi-arid climates. 
C. Developed Country Institutes 
1. Western European institutions. The main participants in the United 
Kingdom include the Universities of Reading, Leeds, Bristol and Nottingham, 
the Rothamsted Experiment Station, the Leadcombe Laboratories and the Land Re- 
source Development Center (LRDC) of the Overseas Development Ministry. The 
latter has played a major role in conducting soil surveys in developing coun- 
tries. In France, ORSTOM and IRAT have conducted for several decades research 
in almost all aspects of soil-plant nutrition mentioned in this report, pri- 
marily in Francophone, Africa. The Agricultural University at Wageningen, 
the International Soils Museum, Royal Tropical Institute, International insti- 
tute for Land Reclamation and Improvement, and Utrecht University represent the 
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major portion of the Dutch involvement. Ghent Uniw-sity of Belgium is 
ac";ive in tropical soil characterization and nij r;eral nu.tri 'tio~; ~,~s~ar,~:?, ~ 
h3ny Nest Gzmsn universities are involved in bilateral prograys mostly 
supported by the German Agency for Technical Cooperation (GTZ). The 
Batenhof Research Station of Kali und Saltz is specifically injjolved in 
potassium and n utrient balance research in developing countries. Several 
Scandinavian universities supperted by their national development assis- 
tance agencies are increasing?y involved in bilateral technica? assistance 
that inciudes research on piant nutrition. Plcst of the above instfl:Jtions 
are involved in validation/adaptation of research, training, both ncn-degree 
and degree --many with fertilizer recomEzndations. These groups cooperate 
among themselves with various international, regional, other deva!ope=i coun- 
try and national institutions. 
Also of relevance are the institutes dedicated to the stud:! of a partic-. 
ular element. These include the Center for Nitrogen Study in Geneva, IMPHCS 
(Institute Mondiai du Fhosphore in Paris, I21 (International Potash Institute) 
in Berne, and the Sulfur Institute in London. Research on the efficiencies of 
these particular elements is conducted and funded by these institutes often 
in cooperation with other groups having similar goals. 
2. Pacific institutions. In Japan, Kyoto and Hokkaido Universities have 
been particularly active in soil and plant nutrition research, primarily in 
relation to Southeast Asian rice producing regions. CSIRO and several 
Australian Universities are showing increasing involvement in soil and nutri- 
tion research in developing countries with emphasis on tropical pasture pro- 
duction, phosphorus nutrition and soil characterization. The New Zealand 
Bureau of Soils along with several universities are also heavily involved in 
plant nutrition research with emphasis on volcanic regions and the South 
Pacific islands. 
3, North American institutions. Most major U. S. land grant universities 
are involved in soil-plant nutrition research in the tropics and are therefore, 
too numerous to cite.' At present, three major research efforts financed by 
USAID are executed by Cornell University, the University of Hawaii, North 
Carolina State University, Texas A & M University and the Soil Conservation 
Service of USDA. The Title XII-sponsored Soil Management Collaborative Research 
Support Program involves long-term soil management research in the humid tropics 
of Peru and Indonesia (North Carolina State and Hawaii), the semiarid tropics 
of Nest Africa (Texas A & M) and the acid savannas of Brazil (Cornell-North 
Carolina State), in collaboration With several national institutions and inter- 
national centers. Major pertinent activities are soil characterization, soil 
classification for plant nutrition, fertility evaluation, selecting tolerant 
germplasm, management of soil acidity, N and P fertilizer efficiencies, BNF, 
organic residue utilization, mechanical impedance, land clearing, sustained 
production in Oxisols/Ultisols, multiple cropping, agroforestry, low input sys- 
tems, validation/adaptation of research, and training. 
Another USAID-financed program relevant to this study is the Soil Manage- 
ment Support Services. It is contracted through the Soil Conservation Service 
of 'USDA and provides short-term services upon request to national institutions. 
D. National Research Systems 
Though near impossible to be a?? inclusive, pertinent institutional re- 
search activities related to soil-plant nutrition will be addressed by region. 
Many national research institutions are quite strong, among which are some in 
India, Indonesia, Malaysia and Brazil. Established commodity institutions 
working on cash crops have done considerable work in soil-plant nutrition. 
1. Asia. Many Asian countries have national institutions which perform 
research inoil characterization and few are involved in fertility evaluation, 
soil classification for plant nutrition; several conduct fertilizer marketing 
and use and fertilizer manufacturing technology research. Some are involved 
with research for selecting tolerant germplasm. Many are researching in- 
creased efficiencies of fertilizers, especially N and P. China is involved in 
both Azolla research for BNF and organic residues utilization; India has some 
reseamforts in the latter. Some Asian countries are researching water 
management of rainfed systems and multiple cropping. Many conduct validation/ 
adaptation research, are involved in training and most make some approach at 
researching fertilizer recommendations. Cooperation exists with IRRI, ICRISAT, 
CIMMYT, CIP, FAO, IFDC, AVRDC and several developed country institutions. 
2. Latin America. Most Latin American countries have national institu- 
tions involved in soil characterization research, several with fertility eval- 
uation. Virtually all have some type of research on nutritional constraints, 
especially related to N and P. To the authors3 knowledge, only Brazil has an 
active research program to select varieties tolerant to adverse soil conditions. 
Several, including Brazil and Peru, are researching soil acidity management. 
Brazil is also researching non-symbiotic N fixation and land clearing. Several 
are involved in water management research in rainfed systems, some with erosion 
control, and many with validation/adaptation of research, training and fertilizer 
recommendation research. Cooperation is with CIAT, IRRI, FAO, IICA, CATIE, CIP, 
IFDC and several developed country institutions, including the U. S. universities. 
3. Africa. Several African countries have soil characterization research 
programs,mew research any of the other resource appraisal components. A 
few- are conducting salinity research. Many are conducting NPK fertilizer trials 
in an effort to demonstrate the value of fertilizers. Some are researching water 
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mnag.,,,,,t , _ m-~~lt in rainfd ~yc,t~zs, erc,s+2:n przventfort and contra? and r?zc!w~?fc,z? 
,i mpedan ce . "- i,- n - >, Improved ~a?~~~,,g systems are r esearched by a fen. Several are 
inilolved in validation/adaptation of research; many with training and a fe-sii 
with fertilizer recommendatfon research. Collaborative work is with IITA, 
WARDA, ICRISAT, iRRI, FAC, many European institutions and several other de- 
VejGped c0~;n.t;~~ jnstituticns. 
E. General Remarks 
From this rather broad brush stroke summarization of ctirrent research ef- 
forts related to soil-plant nutrition by institutions within the CGIAR system, 
other internat-!ocal, developed country and naticnal institutions, one is in- 
pressed by the fact that, although some gaps certainly exist, soil-plant nu- 
trition research is not neglected. 
Just as striking is the impression that while many research efforts in 
soil-plant nutrition are being made, they are not conducted in a sufficiently 
coordinated manner. For instance, incrganic fertilizer trials are conducted 
in virtually every country 0 f the world; but how coordinated are these? Are 
the results correlated with soil test values to improve fertilizer recommenda- 
tions? Are the results accessible to neighboring countries or other countries 
in a similar agroecological zone? Similar questions.can be asked of other 
soil-pl.ant nutrition research, whether much or little research is conducted in 
that particular component. 
The development an d transfer of appropriate fertilizer tWh~~~!OCJy to 
increase and sustain food production in the developing world is the mission 
of IFDC. In fulfilling that mission, IFDC's activities relevant to this 
study are improving N and P fertilizer utilization efficiencies in developing 
countries, developing fertilizer manufacturing technology appropriate for 
developing countries, monitoring fertilizer marketing and use in developing 
countries, adapting research findings in developing countries, and training 
of developing country nationals. This role is unique among institutions 
devoted to improving plant nutrition efficiency in the developing world. A 
description of the main activities follows. 
A. Improving Nitrogen and Phosphorus Fertilizer Utilization Efficiencies. 
This major thrust of IFDC is centered in two areas: flooded rice soils 
and upland soils. Nitrogen is the most energy consuming plant nutrient to 
produce, requiring 50 x lo6 Kcal energy/ton N. Improvements in efficiency of 
N fertilizer utilization would have a substantial impact on the amount of 
fertilizer N production required. 
1. Nitrogen in Flooded Rice. Nearly 60% of the N used in the developing 
countries is for flooded rice. Urea is the main source of N used for that crop. 
Yet only ZO-33% of the urea applied by traditional methods to flooded rice 
actually gets into the plant. Thus, at best, only one of every three bags of 
urea are utilized. 
Work by the IFDC in increasing the efficiency of N fertilizer applied to 
flooded rice is, in the opinion of the authors, second to none worldwide. In 
1977, IFDC researchers began investigating the actual fate of N applied to 
flooded rice by traditional methods at IRRI. They and others found the rea- 
sons for the low N efficiency in flooded rice to be volatilization (accounting 
for up to 60% loss from broadcast urea), denitrification and leaching. 
By point placement of the Scandanavian-developed urea supergranule (USG) 
to.minimize N losses, IFDC researchers have increased applied N recovery to 80% 
in some trials. This work was validated on 235 farmer's fields in 16 countries 
in cooperation with IRRI's INSFFER and the INPUT program and on 322 trials on 
experiment stations in India and in cooperation with ICRISAT during 1979 and 
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and in the Philippines in 1980. The researchers also found that while urea 
applications reduce growth of blue-green algae, deep placement of the USC 
did not reduce the growth of these N-fixing organisms nearly as much as the 
traditionally split broadcast appfied urea. The IFDC is investigating how 
site characteristics affect rice respnse to N source placement. 
A tentative prescription for the ideal N fertilize? for flooded rice has 
been developed by IFDC researchers: 
:: 
Releases 10% of N within first 2 weeks of rice grcwth; 
Releases the remainder linearly up to following 8 weeks; 
3. Maintains lo-15 ppm N in soil solution; 
4. Limits N concentration in flood water; 
5. Restricts N volatilization in soil-fertilizer reaction zone; 
6. Permits maximum BNF, especially that by blue-green algae. 
This prescription now is being used by the Product Development Branch of IFDC 
to try to develop a N fertilizer with such properties. 
2. Nitrogen in Upland Soils. This program which began in late 1979 has 
sequential priority emphasis in the semi-arid tropcs, the arid Mediterranean 
and the humid tropics. Research is based on present and future cropping systems 
of these areas as identified by collaboration with ICRISAT, ICARDA and, hopefully, 
IITA. Priorities include developing baseline N efficiency data, conducting N 
loss studies, developing and evaluating N sources, and modeling the fate of N 
in the various cropping systems. The latter is in collaboration with soil-plant- 
water modellers at Texas A & M's Biacklands Station. The overall IFDC approach 
is to determine causes of N inefficiency, estimated in the literature as being 
up to 50%, before trying to solve the problem. This approach proved successful 
in the flooded sites program and should also for this one. 
3. Phosphorus Program. A second major thrust of IFDC's improved nutrient 
efficiency program addresses making better use of P resources in developing 
countries and determining better and less expensive sources of P for the develop- 
ing countries. Two examples are provided. 
One such effort, conducted collaboratively with CIAT and several agricultural 
research centers in tropical America, has as its objective a better utilization 
of indigenous resources inthe developing countries of South America. Indigenous 
rock P resources are identified, characterized, including impurities, modified 
by several means and agronomically,tested under greenhouse and field conditions. 
Modifications of the indigenous sources of rock P by fine grinding (~200 mesh), 
minigranulation (~50-200+), partial acidulation, thermal or chemical-alteration 
are compared alone and in combination with triple superphosphate in various 
locations. 
Direct application of some highly reactive rocks, such as the Sechura rock 
P from Peru (500 million ton deposit) have proven excellent for acid-tolerant 
pastures, as the acidity of the soil can be utilized to dissolve the rock P. 
Others with medium reactivity, such as the Huila (Colombia) and Olinda (Brazil), 
worked well with upland rice when finely ground (60-70%<200 mesh) and applied 
to the acid soils of Quilichao, Colombia. Minigranulation of rocks has been 
found to allow more uniform application of the rock P than does the traditional 
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fine arinding. Partial acidulaticn has increased the reactivity of 12:'~ 
reECtTV5 ty KlCkS ai?d PiaS ~~Csl~!l KDSt E?FFKtiVe Cn SCil S Of hisi? P reteJ’ij@ij 
and with crops with high internal P requirements. However, it is nst necessary 
for high reactivity rocks. The degree of acidulaticn necsssary for scurce-scil- 
crcp combinations must be determined as must additional field validation with 
~ccncm~~c analyses, Mixtures of various rocks with siey~ie and triple super- 
: phosphates are being evaluated to determine whether these can be effective P 
and S carriers and whether rock P dissolution is increased b;J the S. Long- 
term residual studies with these various 2 sources are being ccnducted. 
Another IFDC effort deals specifically with St-f Lanka's Eppaxaia rcick P 
deposit (25-50 mill-ion tons). This high grad e deposit (36.4% F..O-) coctair,s 
the minimum reserve required to make production economically pogs?ble. 
Characterization of the rock revealed, hcweverg high Cl impurities of 10,500 
ppm vs. normal of 500 ppm. Its reactivity is similar to that of Pesca (Colombia) 
rock P and much lower than Sechura or North Carolina rock P. Initial agronomic 
trials with this rock reflected its lcw reactivity. It does, hcwever, represent 
an indigenous source, which through modification, can prove utilitarian for 
meeting the P needs of a developing country. More will be discussed under 
product development. 
4. Training Program. The training component has evolved into a major 
activity of IFDC improved nutrient efficiency program. Examples include the 
1978 IFDC/FERITT (Fertilizer Efficiency Research in the Tropics) Workshop at 
Ibadan for 25 participants from 14 countries, the 1979 IFDC/Indonesian Workshop 
for improved N, P, K, S efficiences in flooded rice and upland crops, the 1979 
IFDC/IRRI (INSFFER) Workshop to strengthen theoretical and practical capabilities 
of 22 soil fertility cooperators in nine countries, the 1979 IFDC/Indian Workshop 
on fate and efficiency of urea-based fertilizers for rice, the 1979 IFDC Workshop 
on magnitudf5of N loss to train cooperators from three countries on lab and field 
methods of N research, the 1980 IFDC/CIAT/FERITT Workshop on fertilizer efficiency 
in the tropics for 24 participants, the 1980 IFDC/FERITT/University of Nairobi/ 
IITA Workshop on fertilizer efficiency research for 35 participants and the 
1981 IFDC/FERITT/IITA Workshop on fertilizer efficiency research fcr 27 partici- 
pants from 14 countires. Most of these workshops involve actual planting, manage- 
ment, harvesting, and evaluating field trials to determine fertilizer nutrient 
efficiences. Most, such as the-1981 workshop in Nigeria, are held in developing 
countries. Some, such as the IFDC/IRRI (INSFFER) Workshop, combine inorganic 
fertilizer management with BNF from Azolla. The ultimate goal of these workshops 
is to train host country counterparts that they may train other scientists and 
farmers to encourage early adoption of improved fertilizer materials and/or 
practices. 
B. Product Development. 
i. Nitrogen. Product development engineers are trying to make a N fertilizer 
fitted to the tentative prescription given by the agronomists for flooded rice. 
To obtain the appropriate N release rate by nitrogenous fertilizers, the engineers 
are trying various wax coatings in combination with urease and nitrificaticn 
inhibitors. One of the most promising coatings appears to be rice bran wax (an 
extraction by-product from edible oil from rice bran) when combined with neem 
oil' and a nitrification inhibitor. Some other work which has captured the 
attention of Korean counterparts is a double coating of urea with sodium silicate 
and a polycoat since rice has been known to respond to Si in some Korean soils. 
THE PUSRI pilot p' ,ant for pan granuai .ti;on of ~",?a. the C;--i- (z t:;e r';e.iz'; SF- / i: L,ti 
ing world, was constructed in IndonpSja unt-jer sz~per~jjsign of _Tjr:i:!y: ergfre2rs 1 
The process parameters for gieanulation were optimixed -in this Iridonesian govern- 
ment plant, PUSRI engineers were trained, and daily production capacity is 300 
torts granular urea. 
2. Phosphorus. Th is program is investigating various chemical and thermal 
methods which may be use 
rock phosphates. Proces 
md t0 beneficially alter the characteristics of indigenous 
alteration, the 
ses include partial acidulation, more complete acid 
'clinker" process, utilization of waste P slimes normally dis- 
carded, thermal treatment of the rocks, and long-term interactions of microbes 
with rock P. 
Pilot plants for the technology appropriate to the size of indigenous rock 
P sources near potential areas of food production can be designed and built 
in various landlocked developing countries. An example would be in Upper Volta 
which has small rock P deposits and an annual need for 5000 tons P G for its 
food production. It currently pays $lOOO/ton P 0 , yet couid furn?sfi its own 
P needs with mini-scale technology. Estimated o t for a plant to produce 22
20,000-30,000 tons/year would be $5 million, the figure Upper Volta would pay 
to import l/6 to l/4 of that amount. Acid extraction of waste slimes such as 
those of Senegal, can recover 80% of the P which is normally lost in manufacturing 
P fertilizers from rock P. 
The total P development project for indigenous rock P in lu'iali is an example 
of a combined product development/agronomic-economic evaltiation project. Mali's 
P needs and costs are similar to those of Upper Volta. IFDC recently became 
involved in evaluating a potential partial acidualation plant for Mali's rock P. 
However, the study goes beyond mere product development as the product also will 
be evaluated for two years on 10 experiment stations in the country under sorghum, 
peanut, maize, cotton rotations and then for two more years at farm level. 
During the first two years soils are being characterized and socio-economic data 
are being collected for use in the latter two years of the study. Mali's 
Ministries of Mining and Agriculture are cooperating in the study. Collaboration 
with Texas A & M University's agricultural development project in Mali is being 
discussed. 
3. Training program, The training of the engineers for the PUSRI urea pan 
granulation plant in Indonesia offers one example of a unique service provided 
by IFDC. Others include the 1979 IFDC/FERTIMEX Workshop for 20 participants 
on what a fertilizer man needs to know to run a fertilizer plant, the 52 
participant IFDC Regional Fertilizer Granulation Workshop help in 1980 and in 
. 
C. Monitoring Fertilizer Marketing and Uistribution 
IFDC monitors fertilizer marketing and distribution of these four major 
plant nutrients in developing countries in an effort to keep a pulse reading of 
the major needs and potential for filling these needs with developing country 
resources and capabilities. As an example of the benefit of such work is the 
j-year roll forward supply/demand and marketing plan developed by Indonesia with 
IFDC backstopping. The benefits of such a plan are apparent and far-reaching.. 
For this plan, the Indonesians used iFCC as the model for establishing their 
fertilizer research unit. 
The training component of IFDC's monitoring fertilizer marketing and dis- 
tribution in developing countries is viewed as vital to the success of those 
activities. Both individual and group training is offered to maintain flexibility 
in meeting the individual needs of the developing countries. Participants 
trained by IFDC in fertilizer marketing and distribution has increased from 17 
in 1977 to 71 in 1981. 
Thirty-nine participants in 1980 were selected from 16 countries to partici- 
pate in the &week course on fertilizer marketing and management. The participants 
supervise 590,persons in their jobs in the developing countries. Thus, a filter- 
down effect was possible from the course which was comprised of 4 weeks classroom 
work, a week visit to the Farmland Institute in Kansas and the University of 
Missouri, a three-day visit to Florida rock phosphate mines, fertilizer plants 
and ports and a two-day tour at TYA, a fertilizer equipment plant and a liquid 
fertilizer plant. Also included in the course was use of the Alpha Marketing 
Simulation in which the participants were divided in 10 "companies" and given 
hands-on experience through simulation variables in the system to make decisions 
on which would hinge the success or failure of marketing their fertilizer products. 
In addition, participants were trained in leadership effectiveness in order to 
improve the manager's efficiency in communication with his employees. That 
portion of the program was rated the highest of any by the participants. 
*Centro de Estudos de Fertilizantes, Sao Paulo 
Often IFDC is asked to perr,,l ?f-r7 studies on ferti li zer py:sc!Jctj~n, ma;+-!<et'rg) 
distribution, and use in developing countries. Requests for jut.:;? sey*y ices p!,?-ye 
been running at three to five per year for the last several years. Follotiing 
are two examples. 
IFDC conducted research in Bangladesh and India on farm level fertilizer 
economics to determine hot); rapidiy improved production systems with fertilizers 
are adapted by farmers, to identify constraints and to ascertain policies needed 
to overcome them. In sampling 1053 farms in Bangladesh, IFDC Scuzd that 65% 
of the farmers used fertilizer during the rainy season, that 70% of the YPK 
consumed is by farmers with less than '2 hectares of land during the rainy sea- 
son, and that those using fertilizer consider it part of a package, including 
high yielding varieties, pesticides, hired labor and other inputs. 
Thailand asked IFDC to participate in evaluating its fertilizer production 
and marketing potential. Thailand currently uses 1 million tons of fertilizer 
annually but has no basic production facilities. Some granulation facilities 
are present. Diammonium phosphates and other ammonium fertilizers are imported. 
The study looked at demand through 1990 and projected that as early as 1987 
Thailand could be using 1000 tons fertilizer daily produced by a recommended 
ammonium plant in-country. Fiping offshore natural gas would supply the feed- 
stock for the ammonium plant which would produce one half of its product as 
urea and the other as mono- or diammonium phosphates. Price analysis revealed 
little difference between importing phosphoric acid or using local rock phosphate 
sources in this production. The small guano deposits offer some potential for 
phosphate source. The fairly large KC1 deposits as carnallite in NE Thailand 
also offer self-sufficiency potential. More fertilizer storage facilities away 
from Bangkok and near areas of production were recommended. 
Similar studies were performed at the request of Indonesia, Nigeria, 
Colombia and Venezuela in 1981. 
D. Additional Projected Thrusts 
In addition to continuing to emphasize the activities detailed above, the 
IFDC looks toward increasing its efforts in improving sulfur fertilizer 
efficiencies, developing and evaluating new S products and monitoring marketing 
and distribution of S fertilizers in developing countries. IFDC's role on 
potassium, calcium and magnesium is presently under review. IFDC will continue 
to initiate granulation pilot plants with several other developing countries as 
these plants help to establish some self sufficiency in fertilizer production. 
Studies evaluating potential regional fertilizer production and distribution 
centers will be conducted. Training of developing country personnel in all 
areas detailed above will continue to receive emphasis, 
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because it takes advantage of the exr3ertise 0-f the adjacent facilities at TVA 
which has a similar manda,te for developing improved fertilizer manufacturing 
technology for the U.S. The IFDC assistance in developing the PUSRI urea pan 
granulation plant in Indorzsia, the first of its kind in the wcrld, offers an 
example of how it fulfills its unique role. 
Addjtiojjaj-jy, it ;s felt tj7a t the work of improved 3 utilization efficiency 
in flooded rice soils is making large gains due to the involvement of IFDC and 
its excellent scientific staff. The basic soil-plant nutrition research and 
the uniform production of the urea super granules and other N fertilizers at 
IFDC supporting the IFDC/IRRI (INSFFER) and IFDC/IN?UT applied field research 
is resulting in major increases of N fertilizer utilization efficiency for 
flooded rice. When this technology is r efined through further research and 
transferred to farmers' field, fewer new N fertilizer plants will be necessary. 
The IFDC's unique monitoring of fertilizer marketing and distribution in 
developing countries allows these countries and others to look beyond the 
traditional supply and demand situation and to better address their capabilities, 
constraints and necessary actions to meet their fertilizer needs. 
In summary, IFDC performs several functions unique among international 
centers, yet complementary to and supportive of the plant nutrition research 
conducted at CGIAR crop-oriented centers and elsewhere. In the fulfillment 
of its mission, IFDC has a well-defined and unique focus, excellent leader- 
ship and scientific staff who share a sense of urgency, quality research, 
good rapport with collaborating national and international institutions, and 
a fine mix of training with research. 
This study has coccentra-Sd oz technical aspects related to plant nutrition 
researc!-r withc;it cansidcring i nstitutiixal aspects other thar! identifying scme 
6-f the presently a&j::2 j;?stf%ut-j~cs j:j Ch.;ptey- vi1 a& ';IIi. 7 I,.> - , ,,c ;:.z)('-l St;;; 
.is to address the question whether additional internatTona1 action is need& 
and if so, whether it would be appropriate for consideration by the CGIAR system. 
Although tile authors of this report are familiar with the histclry 0.f TAC's delib- 
erati ons rela.ted to this st;bject J incl iidj r-i? *,!~a I -c ,"> ‘/‘TX priorws- paper \iri.L, 197%) 
they have deliberately carried thejr enalysis up to this poir,t independent irc,m 
such ccnsideraticc:, relJ';ng rath-lr nn ti;e majcr international studies de>!cted 
to assessing soil-plant nut;";"; I axon i-esearch priori,ties. This chapter examines 
the firdings docmented in previous ones in terms of possible actions. The 
authors have used the TAC priorities paper (TAC, 1979a) as a basis for analysis, 
although recognizing that international initiatives are not necessarily limited 
to the CGIAR system. 
A. General Considerations 
Our analysis confirms the consensus of many TAC documents that plant nutri- 
tion research is not a neglected area. The considerable number of institutions 
involved in almost all priority research areas shows the existence of widespread 
efforts. The worldwide priority assessment studies are in themselves evidence 
that there is no neglect about the importance of this issue. The TAC priorities 
paper also identified in its plant nutrition section several of the research 
components as priority areas: biological N fixation, fertilizer use efficiency 
in humid and semi-arid tropics, multiple sources of nutrients (paragraph 99). The 
last item also infers the necessity for a more systematic approach to developing 
effective soil fertility management systems for farmers in developing countries. 
In the soils and water section (paragraph 102) TAC recognized that additional 
international support may be warranted in soil characterization and inventories, 
low input systems for acid, infertile soils, soil and water conservation in 
rainfed semi-arid areas, and crop tolerance to soil stresses. The same paper 
(paragraph 90) identified what we call the humid torpics, semi-arid tropics 
and acid savannas as among the most difficult environments for sustained food 
production and agricultural development. 
1. Soil-plant nutrition as a factor-oriented research. The worldwide 
priority studies have emphasized the need to consider factors affecting plant 
nutrition jointly with plant nutrition per se, Plant nutrition can be viewed 
as how to provide and maximize efficiency of nutrient inputs to plants. The 
authors of this study suggest that consideration of constraints affecting the 
efficiencies of nutrient inputs might be a more appropriate factor to consider. 
We would, therefore, suggest that international attention be given to soil-plant 
nutrition constraints together, with major emphasis on those related to rainfed 
systems in priority agroecological zones, but without neglecting those occurring 
in irrigated agriculture. 
2. Location specificity. The issue of location specificity must also be 
addressed. Soil-plant nutrition aspects are sometimes considered so location- 
specific as to warrant only limited international attention. Cognizance of the 
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great variability in soil properties at the local level and the need to ,tailor- 
make rurj-i 1 .j zer recoi~!r;end,atfoils for j jldj v-i &a ] fat-ye)- ff$ $5 )jas cont','i tj\~t& to 
-this be? ief. The distinction between the kinds s;f problems and the degree of 
manifestation of them 3s important. The priority research components identified 
for each agroecological zone address kinds 0% probiems that are so widespread and 
pervasive that they warrant internationai attention. The degree of,manifestation 
of the problem varies tremendousiy, 
.' appraisal. 
hence our emphasis on the need for resource 
,Aluminum tosicfty, for examples is a w-;despread kfnd of probien in 
the de~e! ~pi !IQ \%/orld. Accoraing to unpuL;ished estimates of%e autnors, about 
?200 million hectares of acid soil s in the tropics are aluminum-toxic, which 
severely affects their crop production potential. The degree of expression of 
this constraint, however, varies ididely not on'ly from region to region, but 
often from field to field on the same farm. Research on i~ow to al leviate 
aluminum toxicity via adequate amounts of lime application, selection of Al- 
tolerant cultfvars and the promotion of downwarcl movement of basic cations is 
of international interest. The use of a liming formula that includes the actual 
amount of exchangeable A? in the topsoil, the percentage Ai saturation and an 
adjustment for the At saturation level that the individual crops can tolerate 
can be used by extens:on personnel to overcome this constraint at the field 
I eve1 . 
Kesearch on how to transfer soii-plant nutrition technology to farmers has 
been identified as a priority; proper training of soil management speciaiists 
to aid this regional and local task is vital. International attention to 
problems of soil fertility evaluation is warranted as the way to overcome 
location specificity limitations. In a way, the problcrt;s ar2 no different from 
the ones commodity-oriented IAKC's face in producing improved germplasm that has 
to be tailored to specific regions. Methodology problems have been overcome by 
those IAKC'S by a series of means, including widespread field testing by 
national institutions. 
3. Need for international effort. Considering the research needs (Chap- 
ter V) and proposed framework (Chapter VI) in relation to ongoing work (Chap- 
ters VII and VIII), the authors conclude that though considerable activity is 
taking place, the magnitude of the effort and the spotty geographical distribution 
are clearly insufficient to provide a reasonable degree of certainty that tech- 
nology for alleviating soil-plant nutrition constraints ~~11 be adequately 
developed afld transferred in order to permit continuing increases In food pro- 
duction. A strengthening of the worldwide effort is necessary, as has been 
artiateci by The scientists and administrators who participated in the Soil 
Constraints and Bonn conferences. 
The 197Y TAC priorities paper (paragraph 17) stated that "priorities for 
international research may gradually become the common denominator of national 
requirements for international activities, Which may complement and support their 
own national research programs." This statement is directly applicable to an 
international effort on soil-plant nutrition research. It is also relevant to 
point out that criteria used in assessing priority agroecological zones and the 
main research components described in Chapter VI are quite similar to the various 
quantitative and qualitative criteria outlined in the 1979 TAC priorities paper. 
The authors, therefore, suggest that international effort on soil-plant 
nutrition research along the framework outline in Chapter VI, is warranted and 
necessary to: a) increase the efficiency of plant nutrient inputs, b) increase 
and stabilize food production in the developing countries and c) conserve the 
land resource base, particularly in the priority agroecological zones. 
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3. Tbe IFDC Issue 
Emi~basis should bs given to tile continuation and expansion of IFDC's p:*ogram 
on improving fertilizer manufacturing technology for developing coL;ntries, 
I;nproving i-utrient utii izaticn efficiencies by CCmbipling new or difTerent 
-r‘erti i izer sotirces vdith re2 evant agrofiomic practices. In these efforts, IFDC 
cccupies a unique role ;;ihich is providing and shou?d continue to provide critical. 
backstoppin g and support to present and futur e soil-plant nutrition research efforts 
+ 13 t&g developing countries, The authors feel that the Current skte of iinproved >‘ 
37 ant nutrient uti 7 i zati on 
",.~~no~ ogj 3s 
efficiencies and improved fertilizer manufacturing 
approgr+ate for bevelcping cotintries Would not be where they are 
foday nor will then! be :rJhere they must tomorrow without IFDC. Therefore, the 
authors recommend that iFDC continue and expand such activities. 
r Ld. Institutional Approaches 
Three institutional approaches are outlined below as possible TAC/CGIAR actions 
in soil-plant nutrition research; these range from strengthening existing efforts 
to specific new initiatives. 
1. Strengthen existing IARC's soil -plant nutrition 'research and establish 
a network among those conducting such research. The l-lrst institutional approach 
zencour?ge by national, bilateral and others 
in the national organizations, and to establish a network among those conducting 
such research. This network is regarded by the authors as being limited in scope 
to the IARC's due to budget constraints. Ideally, it could and would expand to 
includeas full participants the beneficiary countries under a more relaxed budget. 
The IARC's have tended to emphasize the location-specific nature of plant 
nutrition, but not always to approach the problem with the kind-degree philosophy 
detailed in this paper. It is suggested as future priorities are addressed by the 
IARC's that soil-plant nutrition research be strengthened and tied together by a 
network or networks among those performing the research. 
The IARC's should be centers of excellence not only in developing improved 
germplasm, but also in developing germplasm tolerant to adverse soil conditions, 
and in relating crop performance to soil environmental parameters. Examples of 
such efforts would be strengthening the CIMMYT breeding attempts to dwarf the Al- 
tolerant wheat varieties of Brazil, and encouraging the IARC's to increase efforts 
in characterizing soil constraints as related to their geographical, commodity or 
farming systems mandates, perhaps along,the approach of the CIAT Land Resources 
Evaluation Program. The TAC (1'373) priorities paper also mentioned some specific 
areas of emphasis such as rice production problems in marginal soils and adaptation 
of wheat and maize to marginal soil areas, as well as generally more attention of 
biological N fixation, fertilizer use efficiency, and multiple sources of nutrients. 
Certainly, strengthening research efforts such as those of IFDC and IRRI for 
increasing N fertilizer efficiency in flocded rice would be beneficial. This could 
be accomplished by developing networks along the pattern of INSFFER and others. 
Individual CGIAR members should stimulate the increasing involvement of their 
highly qualified universities and research institutes in cooperative work with 
nationaf research systems in the developing countries as well as with the IARC's. 
Such increased collaboration could add depth to the limited personnel presently 
involved in soil-plant nutrition research at the IARC's and many national research 
systems. 
4 To strengthen national resear,; ph capabilities to remove soil Ccnstraints 
to agriCultJral production; 
b) to CGGfdiiiate and stimulate the application of Soil research results 
already available through transfer of science and technology; 
c) to Coordinate and promGte r esearch on the relationships between land 
characteristics and crop performance; 
d) to enable a sharing of the workload in international soil research 
and to prevent duplication of efforts; 
e) to support ar ,d initiate training activities--both at the nationai and 
international level--aimed at solving soil-related constraints; 
f) to promote the optimization of land use in the tropics, witb special 
reference tG SGii and water conservation; 
g) to identify soil research needs and to mobilize resources to. fill gaps; 
h) to compile, collate, store, stratify, process, retrieve, translate 
ta processing systems; and disseminate soil research results through da 
and 
are recognized to 
ional endeavor to free 
i) to.recommend action on research priorities which 
require urgent action in support of the internat 
the world from hunger. 
Considering the complexity and breadth of research components in- 
volved, the center would work through international networks each of 
which would focus on a selected priority. Such a decentralized approach 
would ensure full involvement of the international research community, 
allow for geographical coverage and take advantage of resources already 
available in national and international institutions. The center would 
be serviced by a small secretariat. 
One of the saltitfeatures of such a mechanism is that it would build on 
present capabilities throughout the world rather than requiring major capital 
outlays for physical plant at a specific location. A small, but well-qualified 
professional staff would perform the service functions, while most of the field 
work.will be conducted by scientists at different sites along the priority agro- 
ecological zones of the world. This alternative is embodied in the proposal 
for establishing the International Board on Soil Resources Management (IBSRAM, 
1981). 
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f) 
4) 
h) 
i) 
Well-de fined focus as clstaiied above; 
activities are restricted to priority agro-ecological zones; 
scientifically-strong lead institution :Jhich can provide s:ipport 
and continuity for the coordinating ce;:ts:r; 
committed and experienced personwl, including coordinating center 
director and outposted staff, wk~o can he1 p de\?elopa a p,:.rtnership 
relationship with scientists in national programs; 
formal arrangements for participating institutions' iniioivem2rni 
made at level of research institution with governmental c?earance; 
each participating institution involved as an equal partner; 
each participating institution feeling strongly that it gains b:y 
participation; 
each participating institution mus.t have, or be able to obtain from 
a donor, resources necesssry fcr participation; 
sufficient funding to bring a?1 participants together for p?anning 
and revising the program, for providing the appropriate information 
and training services. 
3. Establish an international soil-plant nutrition research institute. 
A third institutional approach would be the creation of a major institute with 
adequate facilities to serve as a center of excellence of soil-pfant nutrition 
research for the developing world. Such a center could.be located in one of 
the prizrity agroecologica? zones of the wor?d, preferably where rainfed systems 
predominate. Neither is this a new idea. Bentley (1978) proposed the creation 
of such a zenter, stating the location-specific problems resulting from its 
location could be overcome by the use of modern methcdologies. The TAC study 
took note of this proposal but did not award high priority to it (TAC, f979a). 
D. Considerations for Evaluating Approaches 
The three approaches differ substantially in their nature and level of 
operation. They are not mutually exclusive. For example, the functions of 
a coordinating center would include the activities proposed in the first 
approach. Although TAC has acted on one of them previously, the authors of 
this report suggest that al? be reexamined in light of theproposed framework 
described in Chapter VI. 
Some of the arguments for and against each of the three approaches are 
outlined as follows: 
Approach Pro's Cons 
#l. Strengthen 1. Is a modest initial step 1. Impact is oriented 
existing by the CGIAR to strengthen primarily toward IARCs 
work at IARC's, and integrate soil-plant as participation 
establish nutrition research at IARCs, of national institutions 
network. while being cognizant of its in network will be 
current budget constraints. limited due to modest 
budget input. I 
Approach ProIs Con's --- . . .--l-----.- -1-----.---w- 
2. Includes soil-plant nutrition 
research efforts by IARCs 
nationa?, bilateral and 
institutional institutes. 
3. As beneficiary countries are 
full partners fn program 
planning plus setting priorities, 
true partnership develops which 
will assist in evolution of 
strong national programs. 
4. Involves modest outlays and 
maintains flexibility. 
5. Provides mechanism to link IARC 
soil-plant nutrition research 
to that funded by donors through 
other channe7s. 
#3. Establish I. Creates a full-fledged 1. 
international factor-oriented research 
institute center for overcoming soil 
plant-nutrition constraints. 
2. 
Involves large initial 
capital and operating 
CGStS. 
May. be considered too 
separate to interact 
beneficially with other 
IARCs. 
Based on the above considerations, it appears that the most appropriate 
approach is approach iy2, the coordinating center. 
The CGIAR (1980) integrative report included a thought in its paragraph 
69 that the authors consider a fitting end of this report. 
"Stating the problems of agricultural development is relatively easy. 
Developing a research strategy in which international, regional, bila- 
, teral and national research programs can each play their appropriate role, 
is fraught with difficulties. No one organization can do it alone nor 
can it be done at a single attempt. The best that can be hoped for is 
the development of an institutional framework that will allow a flexible 
approach to accommodate changing scientific and political conditions." 
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Appendix Table i. Average contents of total reserves, the bulk of whicI~ are 
not directly available to plants, of seisrted essential 
uuj-rien<;s in sf~jjs,+ , 
- -- 
Content 
-kg/ha- 
._-.--.. 
3,136 
pp5 3,055 
K2° 
Ca 
22,400 
30,638 
Mg 
S 1,568 
11,200 
B 
Cl 224 
cu 67 
Fe 85,120 
MO 4 
Zn 112 
* Data adapted from Lindsay (1979). 
Appendix Table 2. Annual raw material requirements for fertilizer production, 
1980-2000.* 
Developed countries 
1980 1990 2000 
Developing countries 
1980 1990TT LGOO 
Natural gas (billion m3) 33.0 60.0 94.5 14.1 36.5 61.3 
Naptha (million t) 5.9 7.3 8.6 2.4 3.7 4.7 
Fuel oil (million t) 3.0 7.1 12.5 1.3 4.8 a.8 
Coal (million t) 6.5 25.0. 57.6 2.8 18.3 40.3 
Phosphate rock 
(million t P205) 
Sulfur (million t) 
29.3 40.6 54.2 10.0 20.4 33.7 
19.2 27.8 38.3 6.5 14.6 24.9 
Potash (million t K20) 24.6 36.7 51.2 4.5 a.9 14.8 
* Adapted from IFiX/lJNIDO (1978) 
Appendix Table 3. Reserves and production of natural gas, petroleum and black coal in developed and develop-ing 
regions of the world.* 
- 
--__---_-___-.--l - - . - _  - - . - - -  
Natural gas Petrol eurn Black Coal ----- __I____- _ _..___ -^__- __. -__ 
Reserves ._l--lll-. 
Reserves '76 Production Reserves '76 Production Idi>n. Prob. ' 76 Pi-odiii:ti 011 
-- __l--_- _--- --__-_-L~----_l"- . ..- .--_-.- 
----- bi71ion m3 ----1--- ------ million t -------- -hi 1 l .jon i;- - -jjj j '1 -j j rj fj t - - 
World 65,875 1,429 87,938 
Developed countries 38,893 1,238 19,773 1,176 740 7,00:1 3. ‘, KIO 
Dev'ed Market Econs. 
(N.Am., W.Eur., 
Oceania, Other) 11,987 833 8,720 558 535 2 ‘9 94:1 ':l]3 
Centr. Planned Econs. 
(E.Eur f USSR) 26,906 405 11,053 618 205 4,052 657 z ,-J 
Developing countries 25,982 191 68,165 1,773 340 1,150 ' Q;T) 
Africa 5,923 46 8,299 291 6 15 5 
Asia and Far East 2,250 28 2,434 116 23 86 i $5 
Latin America 2,558 58 4,604 228 9 36 12 
Near East 14,543 59 50,088 1,138 1 I-\ 6 
China 708 2,740 300 1,01; n,$8 
--- c- ----- ---- ______ -_- 
* Adapted from IFDC/UNII>O (1978). Reserves as of January 1, 1977, except for black coal l;lhirh is as of 1974. 
Oil Reserves Gas ii;Ilsiyve; 
c 0 u ?-I 't ry Jan. 1, 1977 Jan. I., 1977 
--___ -_---__I__ 
million t bili?on m 3 
WEST AS IA 
Abu Ghabi 
Bahrai n 
Dubai 
Iran 
Iraq 
Israel 
Kuwait 
Neutral Zone 
Oman 
Qatar 
Saudi Arabia 
Sharjah 
Syria 
Turkey 
Total 
EAST ASIA-PACIFIC 
Afghanistan 
Australia 
Bangladesh 
Brunei 
Burma 
Taiwan 
India 
Indonesia 
Japan 
Malaysia 
New Zealand 
Pakistan 
Thailand 
Total 
AFRICA 
Algeria 
Angola 
Congo Republic 
Egypt 
Gabon 
Libya 
Morocco 
Nigeria 
Tunisia 
Zaire 
Total 
3,973 556 
30 p5 
205 4.5 
8,631 9,348 
4,658 764 
1 
9,234 898 
863 142 
795 57 
781 779 
20,550 1,785 
4 28 
301 34 
53 
50,088 
12 
189 
223 
9 
41: 
1,438 
4 
333 
26 
10 
78 
915 
227 
238 
4 
23 
6:: 
59 
425 
175 
448 
2,657 
28 
3,399 
932 3,564 
166 42 
2;; 7; 
291 
3,494 7:: 
. 
2,672 1,24: 
370 187 
68 
3,360 4,01; 
103 
Country 
EUROPE 
Austria 
Oenmrk 
France 
Germany (west) 
Greece 
I rel and 
Italy 
Netherlands 
Norway 
Spain 
United Kingdom 
Yugos'lavia 
Total 
GIESTERN HEMISPHERE 
Argentina 
Barbados 
Bolivia 
Brazil 
Canada 
Chile 
Colombia 
Ecuador 
Guatemala 
Mexico 
Peru 
Trinidad and Tobago 
Venequela 
United States 
Total 
22 20 
44 13 
7 142 
45 212 
5. 227 
28 
43 187 
7:; 
1,754 
524 
60 14 
2,302 850 
48 42 
3,360 4,019 
315 133 
8 
1:: 
142 
25 
849 1,586 
25 56 
113 142 
233 340 
3 
1,507 340 
102 62 
71 97 
2,092 1,153 
4,288 6,232 
9,741 10,378 
CENTRALLY PLANNED ECONOMIES 
Bu‘lgaria 
China 
Czechoslovakia 
Hungary 
Poland 
Romania 
U.S.S.R. 
Total 
2 
2,740 
4: 
291: 
10,700 
13,793 
2 
708 
19 
121 
124 
640 
26,000 
27,614 
TOTAL WORLD 87,938 65,881 
*Source: IFDC/UNIDO (1978). 
704 
__--.--__- ----.-.-- -- 
Poj-i-,j *f: 
Country Product 0.f Total 
---- 
‘Ini ted States 
U.S.5.R. < 
IwToCCO 
c h i t-i a 
Tunisia 
Togo 
Senegal 
Jordan 
South Africa 
Vi2tnam 
Christmas Island 
Israel 
Algeria 
I?lauru Island 
Syria 
India 
Brazi7 
Kcrea, >lorth 
Egy?t 
Ocean Island 
Australia 
Mexico 
Sahara 
Rhodesia 
Germany, Federal Republic 
Venezuela 
Curacao 
Sweden 
Uganda 
Peru 
Colombia 
1000 t 
44,671 
24,200 
15,293 
3,4OD 
3,294 
2,067 
1,796 
1,717 
1,639 
1,5GO 
1,033, 
831 
820 
755 
511 
510 
463 
450 
443 
417 
248 ? 
197 
173 
130 
85 
80 
2: ! 
15 
2 
1 I 
C, ’ 
-- 10 -- 
ill.3 
77 6 w-. 
14.3 
3.2 
.3 . i 
1.9 
1.7 
1.6 
1.5 
1.4 
1.0 
5.9 
Total 106,820 100.0 
*Source: IFDC/UNIDO (1978). 
Wori d 
North America 44,671 
West Eu.mpe. 110 
East Europe 24,200 
Oceania 2,453 
Developing Regions 
Africa . 
Asia and Far East 
Latin America 
Near East 
Socialist Asia 
35,385 
25,227 
510 
797 
3,501 
5,350 
*Source: IFDC/UNIDO (1978). 
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Appendix Tabie 7. Wor!d phosphate reserves and resources, !977.* 
Country** 
i),05 *** 
Total reserves average 
and resctirczs cr range Cocntry"" 
p205*s* 
Total Reserves aijerage 
and resources or range 
---- 
AFRICA 
Algeria 
Angola 
Egypt 
Liberia 
Mali 
k4-, ..,.FL, . i.lULI I Lunia 
Moroccc 
West Sahara 
Senegal 
Tanzania 
Togo 
Tunisia 
Rhodesia 
South Africa 
Uganda 
Upper Volta 
Zaire 
Tota? 
WEST ASIA 
Iran 
Iraq 
Israel 
Jordan 
Lebanon. 
Saudi Arabia 
Syria 
Turkey 
Total 
EAST ASIA 
China 
- million t - -- % -- 
1,000 
120 
2,800 
i.5 
20 
40,oc; 
16,600 
3,190 
10 
300 
1,300 
20 
1,435 
200 
4 
83 
67,183 
130 
660 
1,000 
1,000 
small 
1,000 
800 
300 
4,830 
15,000 
Christmas Island 200 
India 140 
Korea, North 88 
Mongolia 1,000 
Pakistan 12 
Paracel Islands 20 
Sri Lanka 300 
Vietnam 500 
Total 17,260 
30 
30 
3G 
28 
30 
23-32 
30 
30 
?P 
2?38 
30 
30 
30 
10-30 
30 
27-31 
i5 
30 
30 
26 
15-30 
17-31 
30 
30 
30 
30 
29-38 
17.5 
12.5 
20-22 
20-37 
lo-27 
z; 
- - million t - 
OCEANIA 
Australia 2,000 
N?iUTLi 44 
Ocean Island 2 
New Zealand ,1 70 
Total 2,li6 
NORTH AMERICA 
Canada 
U.S.A. 
Mexico 
Total 
50 
38,790 
1,140 
36,790 
SOUTH AND CENTRAL 
AMERICA 
Aruba 10 
Brazil 1,745 
Colombia 600 
Chile 4 
Curacao 10 
Peru 6,100 
Venezuela 40 
Total 8,509 
EUROPE including 
U.S.S.R. 
Finland 225 
Ireland a 
Norway 100 
Sweden no estimate 
U.S.S.R. 
Total 
WORLD TOTAL 144,212 
-I 
% -- 
30 
39 
40 
3'3 
P 
2: 
30 
30 
30 
30 
30 
30 
30 
30 
lo-18 
25 
6-10 
14-39 
* 
** 
*** 
Adapted from IFDC/UNIDO (1978). 
Other countries with .small or unidentified deposits include Cameroon, Benin, 
Gambia, Niger, Gabon, Nigeria, Dahomey, Chad, Cambodia, Malaysia, Taiwan, Japan, 
Philippines, Indonesia, Belgium, Bulgaria, France, Germany, Greece, Yugoslavia 
and various South and Central American islands. 
Those with P20s averages listed as 30% have been adjusted. 
, 
GoLintry production . - ms ewes 
U.S.S.R. 7,944 
Canada 4,842 
Germany) Demcra ti c Reyubl i c 3,019 
Germany, Federal Republic 1,950 
United States 2,220 
France 1,720 
Israe! 715 
Spain 506 
China 450 
Congo 278 
Italy 141 
United Kingdom 34 
. Chile 10 
Others 5 
Total 23,835 
- 1000 t - million t 
15,9K!-24,000 
18,GOC-66,50$ 
3,co3-10 ,cco 
2,000-9,QOQ 
2OO-4ooc 
ZOO-270 
5DC-2,000d 
80-270 
no estimate 
17-70 
200 
20 
no estimate 
no estimate 
35,517~112,730e 
a. Source of production data: British Sulphur Corp., Statistical Supple- 
ment No. 14, November/December 1976. 
b. Does not include deposits in New Brunswick. 
C. Does not include deposits in North Dakota and Montana. 
d. Dead Sea, including Jordan. 
e. Other deposits not being mined and with no reliable estimate of reserves 
in Brazil, Ethiopia, Iran, Laos Libya, Morocco, Pakistan, Peru, Poland, 
Thailand, and Tunisia. 
*Source: IFDCjUNIDO (1978). 
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Appendix Table 9. &orld produ ction of sulfur (all forms) by CCuctry, 1975.* 
country Production 
United Stat2s 11,8GG 
U.S.S,R. 9,460 
Canada 7,420 
Poland 5,040 
Japan 2,400 
Mexico 2,200 
France 1,940 
Spain 1,560 
Germany, Federal Republic 1,070 
Italy 710 
Iraq 606 
Finland 510 
Iran 475 
Germany, Democratic Republic 365 
South Africa 355 
Sweden 266 
Norway 262 
Australia 255 
Others 5,157 
22.8 
18.2 
14.3 
9.7 
4.6 
4.2 
3.7 
3.0 
2.1 
1.4 
1.2 
1.0 
0.9 
0.7 
0.7 
0.5 
0.5 
0.5 
10.0 
100.0 
* Source: IFDC/UNIDO (1978). 
Elzxntal : 
E1rz??-. J ..po ri tes 
Volcanic rocks 
Natural gas 155 
Petroleum 265 
Pyri tzs 640 
Metallic sulfides 260 
Subtotal 
Tar sands 
Coal 
Gil shale 
Gypsum 
Total 
-...e.e.-----------.e- 
m-illion t 
-..----wI---wp-o--- 
580 
1X 
2,030 >2,555 
50 >1,800 
20,000 200,000 
22,000 >2OG,OGG >5GG,GGG 
kI?O 
7Jp-J 
885 
1,330 
Bl.40 
1,040 
1,595 15.0 
>640 il.0 
>4GG 8.2 
>1,850 
2i0,GOO 
280,000 
Vast 
Source: IFDC/UNIDG (1978). 
